C  5/. /-?//;?  •.<?%>// 

Tech  Notes 


April  1990 


PENNSYLVANIA  STATE 
UNIVERSITY 

MAY  101990 

DOCUMENTS  COLLECTION 
U.S.  Depository  Copy 


PB90-925904 


Technology  fact  sheets  from  Federal  laboratories 


U.S.  DEPARTMENT  OF  COMMERCE 

National  Technical  Information  Service 

Center  for  the  Utilization  of  Federal  Technology 


NOW!  Work  Directly  with 
Government  Labs 


A  New  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer- 
ing centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 

Manufacturing 
Materials 
Medicine 
Nuclear 
Ocean  sciences 
Physical  sciences 
Transportation 
Plus  others 


Aeronautics 
Agriculture  and  food 
Biological  sciences 
Building  technology 
Computers 
Electrotechnology 
Energy 
Engineering 


The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

•  The  Resource  Name  Index  provides  a 
quick  reference  if  you  already  have  a  name 
of  a  specific  Federal  laboratory  or  service. 

•  An  Agency  Index  provides  a  listing  of  all 
the  resources  by  Government  agency. 
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The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  your  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-104480AAW,  price  $59.95 
plus  $3.00  for  handling. 
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This  directory  is  unusually  well-indexed.... It 
should  be  on  the  shelf  of  every  Chamber  of 
Commerce  end  economic  development  or- 
ganization in  the  nation." 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 
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Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  iicensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route   to   others   in   their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


•Page  number 


Tech  Notes  Title  List  for 
April  1990 


Agriculture  &  Food 

0307  Accurate  Gauging  of  Food  Components  is  Aim  of 
RMs 

0308  Microbial  Safety  of  Chilled  Ready-To-Eat  Foods 

Software 

0309  Computer  Program  Helps  Small  Farmers 

0310  Aerospace  Food  Tray — Utensils  and  packages  of 
food  are  restrained. 

Computers 

031 1  Gravity  Global  Positioning  System  (Licensing 
Opportunity) 

0312  All-Optical  Photochromic  Spatial  Light  Modulators — 
Photochemical  transfer  of  electrons  would  enable 
fast  reading  and  writing.  (Licensing  Opportunity) 

0313  Artificial  Intelligence  Controls  Tape-Recording 
Sequence — Scarce  recording  space  is  allocated 
optimally.  (Licensing  Opportunity) 

0314  C  Language  Integrated  Production  System — 
Versions  are  available  for  three  different  computers. 

0315  Simulation  of  Combat  With  an  Expert  System — A 
proposed  system  would  give  combat-game  players 
qualitative  analyses.  (Licensing  Opportunity) 

Software 

0316  Removing  Hidden  Lines  for  Thermal  Analysis — The 
user  can  visualize  accurately  the  orientations  of 
objects  under  analysis. 

Testing  &  Instrumentation 

0317  Method  and  Apparatus  for  Precise  Measurement  of 
Long-Term  Stability  of  Photodetectors  (Licensing 
Opportunity) 

Electrotechnology 

0318  Monopole  Inductively  Loaded  Antenna  Tuning 
System  (Licensing  Opportunity) 

03 1 9  Alternating-Gradient  Photodetector  for  Far  Infrared — 
The  dark  current  would  be  decreased  and  the 
photocurrent  increased.  (Licensing  Opportunity) 

0320  Cooling  Shelf  for  Electronic  Equipment — Heat-pipe 
action  cools  and  maintains  electronics  at  nearly 
constant  temperature. 

0321  Digital  Integrate-and-Dump  Filter  With  Offset 
Sampling — Detection  of  weak  signals  would  be 
improved  slightly. 

0322  Improving  Estimates  of  Phase  Parameters  When 
Amplitude  Fluctuates — An  adaptive  inverse  filter  is 
applied  to  the  incoming  signal  and  noise. 


0323  N-Bit  Binary  Resistor — Binary  resistors  in  series  can 
be  tailored  to  a  precise  value  of  resistance. 

0324  Paraboloidal  Antenna  Radiates  Fan  or  Pencil 
Beams — The  shape  of  the  beam  is  determined  by 
the  type  of  feed. 

0325  Removing  Bonded  Integrated  Circuits  From  Boards— 
A  heater  interposed  between  chip  and  board  softens 
the  bond  to  ease  removal. 

0326  Variable-Resistivity  Material  for  Memory  Circuits — 
Nonvolatile  memory  elements  can  be  packed 
densely.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0327  NIST  Announces  Millimeter-Wave  Services 

0328  Test  Structures  for  Bumpy  Integrated  Circuits — 
Cross-bridge  resistors  are  added  to  comb  and 
serpentine  patterns.  (Licensing  Opportunity) 

0329  Hall-Effect  Current  Sensors  for  Integrated  Circuits — 
Built-in  devices  would  measure  direct  or  alternating 
currents.  (Licensing  Opportunity) 

Energy 

0330  Changes  Improve  Performance  in  Long-Life  Thermal 
Batteries 

0331  Electrodes  for  Alkali-Metal  Thermoelectric  Convert- 
ers— A  new  design  decreases  cell  impedance. 
(Licensing  Opportunity) 

Engineering 

0332  Active  Swage  Fitting  System  for  Aerospace  Tubing 

0333  Carbon  Dioxide  Pellet  Cleaning 

0334  Cylindrical  Ultrasonic  Cleaner 

0335  Maintenance  Free,  High  Pressure  Hydraulic  Accumu- 
'  lator 

0336  Preventing  Fire  Suppression  System  Failures  on 
Underground  Mine  Belt  Conveyors 

0337  Fluid/Gas  Process  Controller — The  "Super  Burper" 
controls  fill  fluids  and  isothermality  during  manufac- 
ture of  heat-pipe  devices. 

0338  Hydrodynamic  Stability  and  Frames  of  Reference — 
Criteria  of  stability  are  different  in  different  sets  of 
coordinates. 

0339  Insulated  Honeycomb — The  flow  of  heat  through  the 
honeycomb  is  reduced.  (Licensing  Opportunity) 

0340  Microsandwich  Honeycombs — Fillings  of  foam  and 
microspheres  can  increase  the  strengths  of  honey- 
comb panels.  (Licensing  Opportunity) 
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Engineering  (Cont.) 

0341  Reinforced  Honeycomb  Panels — Lightweight 
reinforcement  applied  during  fabrication  helps  panels 
resist  buckling  and  bending.  (Licensing  Opportunity) 

0342  Unpressurized  Container  for  Cryogenic  Testing — 
Samples  do  not  have  to  be  sealed  in  the  vessel. 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

0343  SPITS,  A  Self-Propelled  In-Tube  Shuttle 

0344  Optical  Measurement  of  Sound  Pressure — A 
noninvasive  technique  does  not  disturb  the  field  it 
measures. 


0345 


0346 


Synchronizing  Photography  for  High-Speed-Engine 
Research — Light  flashes  when  a  shaft  reaches  a 
predetermined  angle. 

Tunnel-Effect  Displacement  Sensor — This  simple 
device  is  extremely  sensitive  to  small  displacements. 
(Licensing  Opportunity) 


Environmental  Science  &  Technology 

0347  An  Evaluation  of  Trend  Detection  Techniques  for  Use 
in  Water  Quality  Monitoring  Programs 

Manufacturing,  Machinery  &  Tools 

0348  Composites  Workstation 

0349  Thermoplastic  Injection  Molding  Capability 

0350  Cutting  Symmetrical  Recesses  in  Soft  Ceramic 
Tiles — A  tool  makes  smooth,  rounded  holes  while 
protecting  electrical  leads. 

0351  Making  Nozzles  From  Hard  Materials — Electrical- 
discharge  machining  forms  interior  and  exterior 
contours  and  internal  channels.  (Licensing  Opportu- 
nity) 

0352  Shutter  for  VPPA-Welding  Vision  System— Optical 
input  would  be  regulated  according  to  welding 
current. 

0353  Tool  Distributes  Clamping  Load — Legs  can  be 
adjusted  for  contact  with  irregular  surfaces. 

0354  Tooling  for  Robotic  Welder — A  robot  can  obtain  a 
welding  tool  and  a  position  reference  quickly  and 
automatically 

Other  Items  of  Interest 

0333     Carbon  Dioxide  Pellet  Cleaning 

0335     Maintenance  Free,  High  Pressure  Hydraulic  Accumu- 
lator 

0337  Fluid/Gas  Process  Controller — The  "Super  Burper" 
controls  fill  fluids  and  isothermality  during  manufac- 
ture of  heat-pipe  devices. 


Materials 

0355  Aircraft  Radial  Tires 

0356  Fluoropolymer  Coating 

0357  Polyalphaolefin  (PAO)  Synthetic  Fluid 

0358  Safestep  Sorbent  Material 

0359  Urethane  Tire  Fill/Lining 

0360  Delayed  Shutters  for  Dual-Beam  Molecular  Epitaxy— 
RHEED  monitors  and  is  used  to  control  the  propor- 
tions of  elements.  (Licensing  Opportunity) 

0361  ESR  Measurement  of  Crystallinity  in  Semicrystalline 
Polymers — Photogenerated  free  radicals  decay  at 
different  rates  in  crystalline  and  amorphous  phases. 

0362  Pulsed  Molecular  Beams  for  Growth  of  InAs  on 
GaAs — Pauses  for  annealing  reduce  the  number  of 

defects.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0326     Variable-Resistivity  Material  for  Memory  Circuits — 


0348 


Nonvolatile  memory  elements  can  be  packed 
densely.  (Licensing  Opportunity) 

Composites  Workstation 


Medicine  &  Biology 

0363  Lymphokines  Combat  Bacterial  Infections 

0364  Diagnostic/lnvestigational  Resource 

Testing  &  Instrumentation 

0365  Bodyfat  Measurement 

Natural  Resources  Technology  & 
Engineering 

0366  Measuring  Phytoplankton  From  Satellites — Present 
and  future  methods  are  examined. 

Testing  &  Instrumentation 

0367  Pore-Fluid  Extraction  Vessel 

Physical  Sciences 

0368  Separating  Isotopes  With  Laser  and  Electron 
Beams — The  need  for  a  second  laser  is  eliminated. 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

0369  Oil  Analysis  Spectrometer 

0370  Electronic  Rotator  for  Sheet  of  Laser  Light — A  sine/ 
cosine  potentiometer  is  used  to  orient  two  galva- 
nometer/mirror devices  simultaneously. 

0371  Probe  Samples  and  Cools  Hot  Gas — The  sampled 
gas  enters  an  inner  tube  immersed  in  flowing  coolant. 
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Physical  Sciences  (Cont.) 

0372     Scanning  Photoelectron-Emission  Inspection 

Equipment — Surfaces  to  be  bonded  are  tested  for 
cleanliness. 

Other  Items  of  Interest 

0344     Optical  Measurement  of  Sound  Pressure — A 

noninvasive  technique  does  not  disturb  the  field  it 
measures. 

0347     An  Evaluation  of  Trend  Detection  Techniques  for  Use 
in  Water  Quality  Monitoring  Programs 

0367     Pore-Fluid  Extraction  Vessel 


Agriculture  &  Food 


0307  Accurate  Gauging  of  Food  Components  is  Aim  of  RMs 

0308  Microbial  Safety  of  Chilled  Ready-To-Eat  Foods 

Software 

0309  Computer  Program  Helps  Small  Farmers 

031 0  Aerospace  Food  Tray — Utensils  and  packages  of  food  are  restrained. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Accurate  Gauging  of  Food  Components  is  Aim  of  RMs 


Scientists  are  continually  striving  to  make  accurate  measurements  of  nutrients  and  contaminants  in 
food  samples.    But  they  need  standards  to  ensure  the  reliability  of  instruments  and  analytical 
methods  -  preferably  standards  containing  a  variety  of  foods  representative  of  an  American  diet.    A 
reference  material  (RM)  now  available  from  NIST  offers  just  such  a  dietary  composite  complete 
with  values  for  a  variety  of  nutritional  and  potentially  toxic  components.    The  material  contains 
listed  concentrations  of  17  elements  -  potassium,  sodium,  iron,  zinc,  and  selenium,  to  name  a  few  - 
as  well  as  ash,  fat,  protein,  total  sugar,  and  starch.   Food  chemists  can  analyze  the  RM  as  they  would 
any  food  sample  and  compare  their  results  with  the  numbers  provided. 

FOR  ADDITIONAL  INFORMATION:  The  material,  known  as  Mixed  Diet  (RM  8431  A),  is  available  for 
$114  from  the  Office  of  Standard  Reference  Materials,  NIST,  B311,  Chemistry  Bldg., 
Gaithersburg,    Md.    20899;    (301)975-9776. 
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U.S.  Army  Research 

U.S.  Army  Natick  RD&E  Center,  Natick,  MA  01760 


Microbial  Safety  of  Chilled  Ready-To-Eat  Foods 


Because  of  the  military  requirements  to  ship  outside  of  the 
continental  U.S.  and  inventory  time  needed,  certain  dairy  products 
may  be  sold  to  military  families  abroad  after  the  recommended  sell 
date.   Since  a  foodborne  psychrotrophic  pathogen,  Listeria,  has 
been  isolated  from  both  dairy  products  and  certain  luncheon  meats, 
it  is  important  to  determine  under  what  conditions  Listeria 
monocytogenes  can  grow  in  ready-to-eat  food  products  and  result  in 
a  health  hazard.   The  information  generated  would  be  used  to 
provide  scientifically  sound  guidelines  and  appropriate  control 
measures  to  reduce  the  risk  of  Listeriosis. 

This  study  examines  the  extent  to  which  normal  microflora  limits 
the  growth  of  Listeria  in  soft  cheeses  and  cured  meats  at  various 
temperatures  and  times.   Specifically,  it  involves  the  following: 
1.   Growth  studies  with  strains  of  Listeria  in  competition  with 
concomitant  bacteria  representative  of  the  indigenous  food 
microflora  in  defined  model  systems;  2.   Competition  studies  with 
defined  bacterial  populations  in  presterilized  cured  meats  and  soft 
cheeses  at  various  storage  times  and  temperatures;  and,  3. 
Determination  of  the  effect  of  storage  times  and  temperatures 
(including  abuse  temperatures)  of  typical  cured  meat  and  soft 
cheese  samples  on  growth  of  inoculated  Listeria  strains. 

A  recently  developed  medium  has  been  found  to  be  very  effective  in 
the  enumeration  of  Listeria  in  foods.   The  medium  is  very 
inhibitory  to  most  other  bacteria  yet  facilitates  the  recovery  of 
heat-injured  cells  of  Listeria  that  may  be  present  in  foods.   In 
addition,  its  ability  to  form  large  colonies  on  plates  containing 
the  medium  provides  for  the  development  of  a  rapid  identification 
scheme  for  pathogenic  Listeria. 

For  additional  information,  contact: 

Dr.  victor  R.  Lachica 
U.S.  Army  Natick  RD&E  Center 
Natick,  MA   01760-5020 
TEL:   508-651-4963 

or 

Mr.  Robert  Rosenkrans 
Technology  Transfer  Coordinator 
U.S.  Army  Natick  RD&E  Center 
Natick,  MA   01760-5014 
TEL:   508-651-5296 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Software 


Computer  Program  Helps  Small  Farmers 


Am  I  raising  the  right  livestock  -  or 
growing  the  right  crops?    Should  I  expand 
my  acreage  for  one  crop  and  cut  down  on 
another?    How  much  profit  could  I  make 
with  a  different  system? 

These  are  critical  questions  for  more  and 
more  small  farmers  struggling  to  make 
ends  meet. 

And  they're  questions  that  a  new  computer 
program  -  called  APEX  -  can  help  answer. 

Expert  systems  such  as  APEX  are 
computerized  teachers  programmed  to 
communicate  the  knowledge  of  experts  in 
specific  fields  through  question-and- 
answer  dialogs  with  their  users. 

APEX  -  for  Agricultural  Planning 
Expert  -  allows  small  farmers  to  tap  the 
expertise  of  agricultural  scientists, 
economists,  and  extension  agents  alike. 

Jointly  developed  by  the  Agricultural 
Research  Service  and  the  University  of 
Maryland,  the  program  is  now  being  tested 


by  the  Maryland  Cooperative  Extension 
Service  in  St.  Mary's  County 
on  The  Chesapeake  Bay. 

"We  run  APEX  for  the  farmers,"  explains 
Maryland  cooperative  extension  agent 
Daniel  J.  Donnelly,  "as  opposed  to  farmers 
running  it  on  their  own  computers.    The 
program  was  designed  to  help  us  help 
them.  They  come  into  our  office  and  sit 
down  with  us,  and  we  go  through  it 
together." 

The  expert  system  enables  extension 
agents  to  quickly  and  conveniently  show 
individual  farmers  how  well  they  might  do 
raising  one  or  more  commodities  from  a 
broad  array  of  possibilities. 

The  farmer's  personal  preferences  are 
taken  into  account,  along  with  his  or  her 
available  acreage,  time  and  labor 
capabilities,  and  requirements  in  the  way 
of  profits. 

"With  APEX,  we  can  get  farmers  to  at  least 
consider  diversifying  or  shifting  from  one 
crop  to  another,"  says  Donnelly,  who 
worked  with  ARS  research  economist  Yao- 
Chi  Lu  and  Maryland  farm  management 
specialist  Richard  A.  Levins  (now  at  the 
University  of  Minnesota)  to  create  the 
expert  system. 

The  Congressional  Office  of  Technology 
Assessment,  in  a  study  co-authored  by  Lu, 
reports  that  most  farms  having  less  than 
$100,000  in  annual  sales  are  not 
economically  viable. 

These  farms  do  not  bring  significant 
income  to  their  operators,  according  to  Lu. 
They  survive,  he  says,  for  reasons  that 
often  have  little  to  do  with  traditional 
farm  financing  methods  or  management. 
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Their  operators  might  have  substantial 
off-farm  income,  for  example,  and  are 
able  to  run  the  farm  part  time  -  almost 
like  a  hobby.  Or  perhaps  they  have  no 
other  employment  possibilities  and  are 
willing  to  accept  a  low  return  for  their 
time  and  labor. 


"Either  way,"  says  Lu,  "the  purpose  of 


APEX  is  to  enhance  the  profitability  of 
these  enterprises." 


FOR  ADDITIONAL  INFORMATION:  Yao-Chi 
is  at  the  USDA-ARS  Systems  Systems 
Research  Laboratory,  BARC-West, 
Beltsville,    MD    20705;    (301)344- 
1821. 


IWNSATech  Brief 

National  Aeronautics  and 
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Aerospace  Food  Tray 

Utensils  and  packages 
of  food  are  restrained. 

A  lightweight  tray  designed  for  use  in 
microgravity  has  features  that  may  also 
make  it  useful  for  serving  meals  in  air- 
planes, boats,  hospitals,  and  facilities  that 
care  for  children.  Despite  its  special  design 
based  on  a  modular-food-packaging  con- 
cept, the  tray  is  easy  to  use.  The  surfaces 
are  made  smooth  to  facilitate  cleaning, 
and  the  number  of  cracks,  crevices,  and 
pits  where  food  residues  can  collect  is  kept 
to  a  minimum. 

The  tray  (see  figure)  consists  mostly  of  a 
thermoformed  sheet  of  polycarbonate.  It 
includes  two  channels  bounded  by  over- 
hanging lips,  which  lock  the  packages  of 
food  in  place.  The  packages  are  inserted  or 
removed  easily  by  pushing  or  pulling  while 
twisting  or  bending  the  tray  slightly.  The 
packages  are  made  shallower  than  the 
channels,  so  that  the  airspace  between  the 
bottoms  of  the  packages  and  the  bottoms 
of  the  channels  provide  some  thermal  in- 
sulation to  keep  the  food  warm  and  to  pre- 
vent burning  of  the  user's  hands. 

A  ferrous  plate  is  attached  under  the 
right  side  of  the  tray  to  restrain  the  eating 
utensils,  which  are  magnetic.  Beyond  the 
utensil  area  on  the  right  side  are  restraints 
for  a  pouch  containing  a  beverage,  con- 
sisting of  two  rows  of  small  nylon  spheres 
on  stems.  Two  pairs  of  adjacent  spheres 
grasp  a  pouch  by  pinching  on  an  edge. 
Each  restraint  is  molded  as  one  piece  in- 
tegrally with  a  strap  that  can  be  easily 
snapped  into  the  tray  or  removed  to  facili- 
tate cleaning. 

Spring  clips  provide  additional  points  of 
attachment  for  pouches  and  miscellane- 
ous objects.  They  are  made  from  flat  strips 
and  have  an  open-frame  configuration  that 
facilitates  cleaning.  The  handles  of  the 
clips  fold  down  over  the  clips  when  not  in 
use  to  allow  the  trays  to  nest  together  effi- 
ciently for  storage. 

777/s  work  was  done  by  Maureen  A. 
Aragon  of  Lockheed  Engineering  and 
Management  Services  Co.,  Inc.,  and 
Michael  F.  Fohey  of  KRUG  International 
Technology  for  Johnson  Space  Center. 
MSC-21412/TN 


Spring  Clips 


The  Tray  Provides  Restraint  and  Thermal  Insulation  for  modular  packages  of  food.  Magnetic 
utensils  are  restrained  by  attraction  to  a  ferrous  plate  mounted  underneath.  Restraints  for  a 
pouch  and  spring  clips  are  also  provided  but  have  not  yet  been  added  to  the  prototype 
shown  in  the  photograph. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division.  P.O.  Box  8757. 
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0314  C  Language  Integrated  Production  System — Versions  are  available  for 
three  different  computers. 

0315  Simulation  of  Combat  With  an  Expert  System— A  proposed  system 
would  give  combat-game  players  qualitative  analyses.  (Licensing 
Opportunity 

Software 

031 6  Removing  Hidden  Lines  for  Thermal  Analysis — The  user  can  visualize 
accurately  the  orientations  of  objects  under  analysis. 
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of  Photodetectors  (Licensing  Opportunity) 
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Opportunity 
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Gravity  Global  Positioning  System 


NAVSTAR  Global  Positioning  System  (GPS)  satellites  are  currently  being  placed  in  orbit  to  form  a 
constellation  which  will  enable  a  user  to  determine  the  position  of  a  receiver's  antenna  anywhere 
over  the  Earth  during  all  weather  conditions.   Discussed  below  is  an  extended  application  of  GPS 
which  has  commercial  potential. 

This  application  combines  GPS  with  accurate  accelerometers  to  determine  magnitude  of  gravity 
values.    Here,  the  accelerations  due  to  all  forces  on  a  moving  platform  are  determined  by  dynamic 
GPS  relative  positioning,  velocity  and  acceleration  techniques  with  respect  to  a  fixed  antenna 
location.   The  acceleration  due  to  all  forces  except  gravity  is  obtained  by  the  accelerometers. 
Corrections  are  made  for  Coriolis  and  earth  spin  using  GPS  obtained  values.  The  desired  magnitude 
is  approximately  equal  to  the  magnitude  of  the  vector  difference  between  the  GPS  and  accelerometer 
determined  accelerations.    For  a  very  stable  vehicle  platform,  such  as  a  balloon,  differencing  the 
vertical  component  is  sufficient.    This  gravity  determination  procedure  can  be  used  for  balloon  or 
aircraft  vehicles  flying  over  rugged  or  inaccessible  terrain.    Also,  aircraft  have  the  potential  to 
perform  rapid,  less  expensive  gravity  surveys,  which  may  be  used,  for  example,  by  the  oil 
exploration   industry. 

FOR  ADDITIONAL  INFORMATION:  For  information  on  licensing  of  this  subject,  contact  the  Naval 
Surface  Warfare  Center,  Mr.  Ramsey  Johnson,  Code  D211,  Naval  Surface  Weapons  Center,  Silver 
Spring,  MD20903-5000,    or  (202)394-4332. 
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All-Optical  Photochromic  Spatial  Light  Modulators 

Photochemical  transfer  of  electrons  would  enable  fast  reading  and  writing. 


A  concept  for  all-optical  spatial  light  mod- 
ulators holds  promise  for  highly  parallel,  fast 
optical  computing  —  for  example,  in  the 
enhancement  or  recognition  of  images. 
Such  a  modulator  would  be  a  single  piece 
of  photochromic  material  in  which  infor- 
mation would  be  written,  or  from  which  in- 
formation would  be  read,  by  beams  of  light. 
Devices  of  the  new  type  might  operate  as 
two-dimensional  transmission  or  reflection 
masks,  three-dimensional  holograms,  in- 
coherent-to-coherent image  converters,  or 
wavelength  converters  over  the  spectral 
range  from  ultraviolet  to  near  infrared. 

The  new  concept  is  based  on  the  trans- 
fer of  electrons  between  donor  and  ac- 
ceptor molecules  (chromophores)  ran- 
domly distributed  or  covalently  linked  and 
dispersed  in  a  glassy-polymer  host  materi- 
al. This  transfer  would  cause  significant 
changes  in  the  optical-transmission  char- 
acteristics of  the  material  and  could,  there- 
fore, be  used  to  modulate  the  transmission 
of  a  reading  beam  of  light  impinging  on  the 
material. 

The  writing  beam  of  light  used  to  induce 
the  transfer  of  charge  would  be  scanned 
across  the  device  or  used  to  project  an  im- 
age onto  it,  thus  optically  forming  a  mask  of 
spatially  varying  transmission  —  that  is, 
spatial  modulation .  Because  the  transfer  of 
charge  would  take  place  over  typical  mo- 
lecular distances  of  about  1 00  A  or  less,  the 
inherent  spatial  resolution  of  the  device 
would  be  limited  only  by  the  diffraction  of 
light,  which  is  characterized  by  much  great- 
er lengths. 


D* 


Photon 


/ 


Three-Step  Electron- 
Transfer  Sequence 


This  is  the  Simplest  of  Three-Species  Charge-Transport  Pathways.  Initially,  a  photon  raises  a 
donor  molecule  D  to  an  excited  state.  An  electron  is  transferred  from  D  to  an  intermediate 
molecule  I,  then  to  a  preferably-more-distant  acceptor  molecule,  A,  faster  than  direct  D+r 
recombination  can  occur.  Finally,  the  only  way  that  recombination  can  occur  is  by  quantum- 
mechanical  tunneling  of  the  electron  along  the  full  distance  from  A~  back  to  D+ 


The  electron-transfer/photochromic  con- 
cept involves  the  use  of  a  three-state  inter- 
molecular  charge-tunneling  scheme  like 
that  of  photosynthesis  (see  figure)  to  make 
possible  a  switched  state.  The  charge-sep- 
aration and  recombination  rates  would  be 
tunable  over  several  orders  of  magnitude, 
making  the  devices  useful  for  a  variety  of 
computing  strategies.  The  charge-sepa- 
rated state  would  appear  rapidly,  within  pi- 
coseconds to  microseconds.  Because  the 
charge-transport  switching  events  would 
involve  no  breakage  or  formation  of  chemi- 
cal bonds,  the  device  could  be  subjected  to 
many  reading  and  writing  cycles. 

Rough  estimates  of  characteristics  of 
the  proposed  spatial  light  modulators  com- 
bine the  best  characteristics  from  existing 


Pockels  cells,  volume  holograms,  photore- 
fractive materials,  and  liquid  crystals.  In  ad- 
dition to  the  short  response  times  and  high 
resolutions  mentioned  above,  these  in- 
clude sensitivities  of  the  order  of  10-100 
MJ/(cm)2. 

This  work  was  done  by  David  N. 
Beratan  and  Joseph  W.  Perry  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NP0-17612/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Artificial  Intelligence  Controls  Tape-Recording  Sequence 

Scarce  recording  space  is  allocated  optimally. 


A  developmental  expert-system  com- 
puter program  is  intended  to  schedule  the 
recording  of  large  amounts  of  data  on  a 
limited  amount  of  magnetic  tape.  Although 
designed  primarily  for  use  on  the  Voyager 
Spacecraft,  the  program  is  also  applicable 
to  planning  and  sequencing  in  industry;  for 
example,  in  the  scheduling  of  shipping  con- 
tainers or  freight  cars. 

In  the  spacecraft  application,  data  are 
recorded  on  tape  when  there  is  a  need  for 
subsequent  or  protectively  redundant 
transmission  or  retransmission.  The  know- 
ledge base  of  the  program  incorporates 
the  expertise  of  a  skilled  sequence  planner 
so  that  the  recording  sequence  can  be 
automated  to  minimize  the  cost,  allocate 
the  scarce  tape  recording  medium  op- 
timally, preserve  the  recorded  data  until 
they  are  no  longer  needed,  and  standard- 
ize performance. 

The  program  schedules  recording  using 
to  two  sets  of  rules.  The  first  set  of  rules  in- 
corporates knowledge  of  the  locations  for 
the  recording  of  new  data  and  includes 
rules,  such  as  the  following: 

1 .  New  data  can  be  recorded  over  old  data 
only  if  the  old  data  have  already  been 
played  back. 

2.  To  reduce  the  complexity  of  playback, 
similar  types  of  data  must  be  recorded 
contiguously. 

3.  Engineering  data  from  fault-protection 


algorithms  are  always  recorded  on  tracks 
seven  and  eight,  and  other  data  are 
recorded  on  these  tracks  only  when  all 
the  other  tracks  are  full.  When  other  data 
must  be  recorded  on  these  tracks,  it  is 
with  the  understanding  that  they  could  be 
overwritten  at  any  time  prior  to  playback. 
Therefore,  the  data  with  the  lowest  priori- 
ty will  be  selected  for  recording  on  these 
tracks. 

4.  Data  from  a  single  image  are  always 
recorded  on  a  single  track.  (If  an  image  is 
recorded  across  the  end  of  one  track  and 
the  beginning  of  the  next  track,  a  wide 
horizontal  band  will  be  missing  from  the 
image  at  the  change  in  track.) 

5.  New  data  should  be  recorded  over  data 
that  have  been  played  back  least  recent- 
ly, so  that  if  transmission  is  poor  during 
the  first  playback  it  is  possible  to  request  a 
second  playback  of  any  data  still  on  tape. 
The  second  set  of  rules  incorporates 

knowledge  about  issuing  commands  to  the 
recorder,  such  as  the  following: 

1.  Commands  should  never  be  issued  dur- 
ing turnaround  at  the  beginning  or  end  of 
the  tape  because  these  commands  will 
be  ignored.  In  the  event  of  doubt,  redun- 
dant commands  can  be  issued. 

2.  The  tape  should  never  be  left  in  one  posi- 
tion for  more  than  one  month.  If  no  re- 
cording takes  place  during  a  month,  the 
tape  should  be  run  from  end  to  end. 


The  knowledge  base  is  programmed  by 
use  of  a  commercial  expert-system  shell. 
The  inference  engine  of  the  shell  reasons 
by  backward  chaining  to  produce  a  goal- 
driven  search  for  applicable  constraints. 
These  constraints  are  then  used  in  con- 
junction with  information  on  data  segment 
size  to  find  a  location  on  the  tape  at  which 
the  data  can  be  recorded. 

Input  to  the  program  consists  of  a  list  of 
new  data  (including  preferred  or  default 
locations  for  certain  items),  a  list  of  items 
and  locations  currently  on  the  tape,  and  a 
list  of  items  that  have  been  played  back. 
Output  from  the  program  can  take  the  form 
of  either  a  sequence  or  a  specification  of 
problems  that  prevent  a  sequence  from 
being  generated.  Examples  of  such  prob- 
lems include  requests  to  delete  certain 
items  from  the  list  because  of  insufficient 
space  on  the  tape,  or  requests  to  relax  cer- 
tain constraints  based  on  the  output  of  a 
knowledge  source  that  prioritizes  the  con- 
straints and  selects  those  with  the  lowest 
priority  for  relaxation. 

This  work  was  done  by  Ursula  M. 
Schwuttke,    Roy   M.    Otamura,    and 
Lawrence  J.   Zottarelli  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17700/TN 
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C  Language  Integrated 
Production  System 

Versions  are  available  for 
three  different  computers. 

The  C  Language  Integrated  Production 
System,  CLIPS,  is  a  shell  computer  pro- 
gram for  the  development  of  expert-sys- 
tem computer  programs.  It  is  designed  to 
enable  research  in  and  the  development 
and  delivery  of  artificial  intelligence  on  con- 
ventional computers.  The  primary  design 
goals  for  CLIPS  are  portability,  efficiency, 
and  functionality.  For  these  reasons,  the 
program  is  written  in  C.  CLIPS  meets  or 
outperforms  most  artificial-intelligence 
software  tools  based  on  micro-  and  mini- 
computers. 

CLIPS  is  a  forward-chaining,  rule-based 
language.  The  program  contains  an  infer- 
ence engine  and  a  language  syntax  that 
provide  a  framework  for  the  construction 
of  an  expert  system.  It  also  includes  tools 
for  the  removal  of  errors  from  an  applica- 
tion program.  CLIPS  is  based  on  the  Rete 
algorithm,  which  enables  very  efficient 
matching  of  patterns.  The  collection  of 
conditions  and  actions  to  be  taken  if  the 
conditions  are  met  is  constructed  into  a 
rule  network.  As  facts  are  asserted  either 
before  or  during  a  session,  CLIPS  matches 
the  patterns  of  the  number  of  fields. 

Wild  cards  and  variables  are  supported 


for  both  single  and  multiple  fields.  CLIPS 
syntax  allows  the  inclusion  of  externally 
defined  functions  (outside  functions  that 
are  written  in  a  language  other  than 
CLIPS).  CLIPS  itself  can  be  embedded  in  a 
program  in  such  a  way  that  the  expert 
system  is  available  via  a  simple  subroutine 
call. 

CLIPS  version  4.2  represents  a  major 
revision  of  the  CLIPS  code  to  organize  bet- 
ter the  kernel  and  to  lay  the  groundwork  for 
additional  features  in  the  future.  It  has  un- 
dergone extensive  testing  to  ensure  robust 
and  reliable  performance.  Version  4.2  in- 
cludes the  rule  compiler  for  run-time  mod- 
ules, an  integrated  MicroEMACS  editor  (for 
MS-DOS,  VAX  VMS,  and  UNIX  systems), 
and  an  online  help  facility.  The  cross- 
reference  tool  has  been  vastly  expanded  to 
provide  style  checking  and  automatic  veri- 
fication. 

Three  machine  versions  are  available. 
Each  machine  version  includes  the  source 
code  and  the  executable  code  for  that 
machine.  The  DEC  VAX  version  is  line 
oriented.  The  PC  and  the  Macintosh  ver- 
sions each  contain  a  windowing  variant  of 
CLIPS  as  well  as  the  standard  line-oriented 
version.  The  mouse/window-interface  ver- 


sion for  the  PC  works  with  a  Microsoft- 
compatible  mouse  or  without  a  mouse. 
This  window  version  uses  the  proprietary 
CURSES  library  for  the  PC,  but  a  working 
executable  code  of  the  window  version  is 
provided.  The  window-oriented  version  for 
the  Macintosh  includes  a  version  that  uses 
a  full  Macintosh-style  interface,  including 
an  integrated  editor.  This  version  enables 
the  user  to  observe  the  changing  fact  base 
and  rule  activations  in  separate  windows 
while  a  CLIPS  program  is  being  executed. 

The  CLIPS  program  is  written  in  C for  in- 
teractive execution  and  has  been  imple- 
mented on  an  IBM  PC  computer  operating 
under  DOS  and  on  a  Macintosh  and  a  DEC 
VAX-series  computer  operating  under 
VMS.  The  line-oriented  version  should  run 
on  any  computer  system  that  supports  a 
full  (Kemighan  and  Ritchie)  C  compiler  or 
the  ANSI  standard  C  language.  CLI  PS  was 
developed  in  1986,  and  version  4.2  was 
released  in  July  of  1988. 

This  program  was  written  by  G.  Riley, 
C.  Culbert,  and  F.  Lopez  of  Johnson 
Space  Center. 

MSC-21208/TN,    MSC-21467/TN,    and 
MSC-21475/TN 
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Simulation  of  Combat  With  an  Expert  System 

A  proposed  system  would  give  combat-game  players  qualitative  analyses. 


A  proposed  expert  system  would  pre- 
dict the  outcomes  of  combat  situations. 
Called  "COBRA"  (combat  outcome  based 
on  rules  for  attrition),  the  system  would  se- 
lect rules  for  the  mathematical  modeling  of 
losses  and  discrete  events  in  combat  ac- 
cording to  previous  experiences. 

Unlike  presently  available  simulation 
systems,  COBRA  would  handle  a  broad 
spectrum  of  cases,  would  require  less 
knowledge  of  simulation  models  on  the 
part  of  users,  and  would  consider  other 
factors  in  addition  to  attrition  in  determin- 
ing outcome.  It  would  ensure  reasonable 
simulation  results,  assess  missions,  and 
simplify  postsimulation  analyses. 

Although  COBRA  is  intended  fa  the  sim- 
ulation of  large-scale  military  exercises,  the 
concepts  embodied  in  it  have  much  broad- 
er applicability.  In  industrial  research,  for 
example,  knowledgebased  systems  would 
enable  qualitative  as  well  as  quantitative 
simulations. 


COBRA  would  be  used  with  another  soft- 
ware module  known  as  the  "Game"  (see 
figure),  which  would  move  units  around  the 
battlefield  and  determine  when  they  have 
entered  the  combat  zones  of  enemy  units. 
The  Game  would  then  invoke  the  COBRA 
module  and  give  COBRA  data  on  the  units. 
COBRA  would  predict  the  way  the  engage- 
ments should  unfold  and  would  record  the 
rules  it  used  in  arriving  at  its  prediction.  The 
specific  rule  trace  would  be  used  by  the 
players  for  analyzing  the  results. 

The  prediction  of  COBRA  would  hold  un- 
til a  player  —  human  or  automated  —  in- 
tervened or  until  the  end  of  the  engage- 
ment. At  least  a  few  such  interventions  are 
likely  —  the  arrival  of  new  forces,  changes 
of  mission,  or  air  strikes,  for  example  — 
and  the  Game  would  recall  COBRA  for  a 
new  prediction  at  each.  The  Game  would 
calculate  losses  and  report  to  the  players. 


This  work  was  done  by  J.  P.  Provenzano 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
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(start)    Indicates  two  or  more  enemy  units  should  begin  combat. 

>.    Indicates  the  next  logical  step  to  be  perfomed. 

1    •    •    Indicates  a  delay  before  action  In  the  next  box  on  the  right  of  this  symbol  Is  performed. 


The  Game/COBRA  Software  System,  consisting  of  the  Game  and  COBRA  modules,  would  provide  for  both  quantitative  aspects  (i.e.,  detailed 
losses)  and  qualitative  aspects  (discrete  events  and  decisions)  in  simulations  of  battles. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Removing  Hidden  Lines 
for  Thermal  Analysis 

The  user  can  visualize 
accurately  the  orientations 
of  objects  under  analysis. 

The  TRASYS  Hidden  Line  Program, 
TEKHIDN,  was  developed  to  aid  the  ther- 
mal engineer  in  viewing  objects  for  thermal 
analysis.  It  is  designed  to  be  run  in  conjunc- 
tion with  the  Rockwell  International  version 
of  the  TRASYS  thermal-analyzer  program. 
TEKHIDN  generates  images  of  three-di- 
mensional structures  without  showing  the 
background  lines  of  the  objects.  The  hid- 
den-line-removal aspect  of  the  program 
enables  the  user  to  picture  accurately  ori- 
entations of  objects  being  studied.  Thus, 
the  thermal  model  can  be  tested  for  accu- 
racy before  more-costly  runs  are  made. 

TEKHIDN  has  three  major  parts:  the 
binary  data  processor,  the  algorithm,  and 
the  plotting  routines.  The  binary-data  pre- 


processor interprets  binary  output  from  the 
TRASYS  program.  The  algorithm  selective- 
ly determines  the  visibility  of  a  line.  By 
choosing  a  few,points  on  that  line,  enough 
information  can  be  derived  to  analyze  the 
validity  of  its  presence  in  the  three-di- 
mensional figure. 

Upon  determination  of  the  visible  lines 
in  the  geometric  figure,  the  program  pass- 
es to  its  graphical  portion.  The  routines  in- 
volved in  plotting  the  geometric  data  utilize 
PlotIO  library  routines.  The  output  is 
displayed  in  graphical  form  on  a  Tektronix 
graphics-display  terminal.  Hard  copies  of 
the  terminal  display  are  desirable  and  can 
be  made  if  a  terminal  hard-copy  device  is 
available. 


The  TEKHIDN  program  was  developed 
in  1986.  It  is  designed  to  be  implemented 
on  a  DEC  VAX  minicomputer  using  VAX 
VMS  level  4.2  to  4.5.  A  Tektronix  terminal 
and  the  PlotIO  library  are  required. 

This  program  was  written  by  Rivera 
and  T.M.  Johnson  of  Rockwell  Inter- 
national  Corp.    for  Johnson   Space 
Center. 
MSC-21401/TN 

FOR  ADDITIONAL  INFORMATION 

CONTACT: 
COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-32S5 
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Method  and  Apparatus  for  Precise  Measurement  of  Long- 
Term  Stability  of  Photodetectors 

DESCRIPTION 

This  invention  overcomes  problems  with  the  conventional  method  of 
making  long-term  measurements  of  responsivity  of  photodetectors, 
wherein  geometrical  and  mechanical  nonreproducibility  limits  the 
precision  of  the  measurement.   The  method  uses  a  fiber  optic  star 
coupler  to  divide  the  optical  flux  from  a  source  of  light  into  a 
number  of  highly  stable  proportioned  light  outputs.   Each  of  the 
photodetectors  under  test  is  irradiated  by  one  of  the  star 
coupler  outputs  and  one  or  more  (stable)  reference  detectors  are 
irradiated  by  other  outputs.   Because  of  the  stable  division  of 
flux  by  the  star  coupler,  strict  proportionality  is  maintained 
between  the  signal  from  the  reference  detector (s)  and  the  flux  on 
each  detector  under  test,  allowing  the  flux  to  be  reset 
accurately  over  a  long  period.   The  method  is  suitable  for 
measuring  the  stability  of  detectors  under  a  variety  of 
controlled  environmental  conditions. 

STAGE  OF  DEVELOPMENT 

This  invention  has  been  implemented  in  hardware  and  all  aspects 
of  its  functions  have  been  verified  experimentally. 

APPLICATIONS 

This  invention  relates  generally  to  the  field  of  optics  and  more 
specifically  to  the  field  of  measurement  and  testing  of  the  long- 
term  stability  of  large  numbers  of  photodetectors.   The  technique 
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has  been  applied  to  the  characterization  of  silicon  avalanche 
photodiodes  whose  gain  variations  have  been  monitored  for  up  to 
one  year  with  precision  on  the  order  of  1%. 

PATENT  STATUS 

United  States  Patent  Number  4,459,547   10  July  1984 

PUBLICATIONS 

There  has  been  no  separate  publication. 


FOR  ADDITIONAL  INFORMATION:  Stephen  A.  Miller,  Code  562,  Naval  Ocean  Systems  Center,  San 
Diego, California  92152;  (619)553-1046. 
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Electrotechnology 


0318  Monopole  Inductively  Loaded  Antenna  Tuning  System  (Licensing 
Opportunity) 

0319  Alternating-Gradient  Photodetector  tor  Far  Infrared — The  dark  current 
would  be  decreased  and  the  photocurrent  increased.  (Licensing 
Opportunity) 

0320  Cooling  Shelt  tor  Electronic  Equipment — Heat-pipe  action  cools  and 
maintains  electronics  at  nearly  constant  temperature. 

0321  Digital  Integrate-and-Dump  Filter  With  Offset  Sampling — Detection  of 
weak  signals  would  be  improved  slightly. 

0322  Improving  Estimates  of  Phase  Parameters  When  Amplitude 
Fluctuates — An  adaptive  inverse  filter  is  applied  to  the  incoming  signal 
and  noise. 

0323  N-Bit  Binary  Resistor — Binary  resistors  in  series  can  be  tailored  to  a 
precise  value  of  resistance. 

0324  Paraboloidal  Antenna  Radiates  Fan  or  Pencil  Beams— The  shape  of  the 
beam  is  determined  by  the  type  of  feed. 

0325  Removing  Bonded  Integrated  Circuits  From  Boards — A  heater 
interposed  between  chip  and  board  softens  the  bond  to  ease  removal. 

0326  Variable-Resistivity  Material  for  Memory  Circuits — Nonvolatile  memory 
elements  can  be  packed  densely.  (Licensing  Opportunity) 


Testing  &  Instrumentation 

0327  NIST  Announces  Millimeter-Wave  Services 

0328  Test  Structures  for  Bumpy  Integrated  Circuits — Cross-bridge  resistors 
are  added  to  comb  and  serpentine  patterns.  (Licensing  Opportunity) 

0329  Hall-Effect  Current  Sensors  for  Integrated  Circuits — Built-in  devices 
would  measure  direct  or  alternating  currents.  (Licensing  Opportunity) 


( 


Licensing 

U.S.  Navy  Fact  Sheet opportunity 

I 

Monopole  Inductively  Loaded  Antenna  Tuning  System 

A  monopole  inductively  loaded  antenna  system  has  been  developed  in  which  the  antenna  system  is 
tuned  to  resonance  and  impedance  matched  without  making  changes  to  the  loading  inductance  or  other 
antenna  elements.  The  monopole  inductively  loaded  antenna  is  supported  by  a  base  insulator  having 
an  antenna  side  and  ground  plane  side.  A  variable  capacitor  is  positioned  on  the  ground  plane  side  of 
the  base  feed  insulator  for  tuning  the  antenna  system  to  resonance.   One  of  a  plurality  of  impedance 
matching  transformers  is  selectively  switched  into  the  antenna  system  to  match  the  antenna  load  to 
the  transmitter. 

Previous  methods  for  changing  the  operating  frequency  of  an  inductively  loaded  antenna  were 
accomplished  by  physical  changes  to  the  loading  inductance  by  a  series  of  tapped  connections  along 
the  inductor  or  by  repositioning  a  magnetic  core  or  by  changing  the  length  or  configuration  of  the 
antenna  elements.  These  techniques  involve  the  use  of  inductor  taps  and  contacts  or  mechanical 
controls  which  are  troublesome  in  a  normal  environment.    Additionally,  inductor  taps  require  an 
operator  to  go  to  the  antenna  and  make  tap  changes.  This,  however,  is  not  always  an  acceptable 
procedure  as  in  a  marine  environment  during  wet  deck  conditions,  at  night,  or  in  rough  seas.   Some 
methods  for  changing  operating  frequency  have  used  remotely  controlled  motorized  tap  selection, 
but  these  introduce  another  element  of  unreliability  as  well  as  mechanical  complexity.    Further, 
such  techniques  typically  require  additional  wires  in  proximity  to  the  antenna  element  which 
usually  necessitate  RF  decoupling. 

^  The  present  invention  provides  a  technique  and  apparatus  for  changing  the  operating  frequency  of  an 
inductively  loaded  antenna  over  a  frequency  range  many  times  greater  than  the  natural  bandwidth  of 
the  antenna  without  making  changes  to  the  loading  inductance  or  antenna  elements. 

FOR  ADDITIONAL  INFORMATION:  Dr.  R.  November,  Naval  Ocean  Systems  Center,  San  Diego,  CA 
92152;  (619)225-6281.      Refer  to  NC  65,  571TN. 
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Alternating-Gradient  Photodetector  for  Far  Infrared 

The  dark  current  would  be  decreased  and  the  ohotocurrent  increased. 


A  proposed  detector  of  photons  of 
wavelengths  in  the  range  of  30  to  200  ^m 
would  be  made  of  alternating  layers  of 
lightly  and  heavily  negatively  doped  ger- 
manium. The  layers  would  be  formed  in  se- 
quence by  conventional  chemical-vapor 
deposition.  The  alternating-gradient  struc- 
ture would  enhance  the  collection  of 
photogenerated  charge  carriers  while  sup- 
pressing the  dark  current,  thus  achieving 
high  detectivity. 

The  heavily  doped  layers  have  an  impur- 
ity band  that  narrows  the  extrinsic  energy 
gap  for  response  in  the  far-infrared  range, 
while  the  lightly  doped  layers  block  dark 
current  and  support  an  electric  field.  In  ger- 
manium, an  optimum  energy  gap  can  be 
achieved  only  at  moderately  high  doping, 
but  vanishes  at  the  still  higher  concentra- 
tions needed  for  good  absorption  of  the  far 
infrared  photons.  Therefore,  it  is  necessary 
to  increase  the  total  thickness  of  the  heavi- 
ly doped  layers  to  achieve  good  quantum 
efficiency.  This  is  possible  with  the  alternat- 
ing gradient  structure,  where  a  pervasive 
electric  field  can  be  sustained  across  the 
alternating  lightly-doped  blocking  layers. 
Charge  carriers  generated  in  a  heavily 
doped  layer  would  diffuse  to  an  adjacent 
lightly  doped  layer  where  they  would  be  ac- 
celerated for  collection. 

As  shown  in  the  figure,  the  detector 
would  include  a  back  metal  contact,  front 
metal  contacts,  and  extra-heavily-doped 
germanium  substrate  and  front-trans- 
parent-contact layers.  The  alternating 
structure  in  the  middle  would  consist  of  N 
heavily-doped  (n+)  germanium  layers  of 
thickness  a  and  N  lightly-doped  (n_)  ger- 
manium layers  of  thickness  o. 

Assuming  that  most  of  the  absorption 
takes  place  in  the  heavily  doped  layers,  the 
total  absorption  thickness  would  be  Na  and 
should  be  at  least  as  large  as  the  photon- 
absorption  length,  or  at  least  100  urn.  The 
thickness,  a,  of  each  n+  layer  must  be 
small  in  comparison  with  the  diffusion 
length  for  conduction  electrons  and  may 
have  an  optimum  value  between  0.1  and 
1.0  urn.  The  concentration,  n+,  of  dopant  in 


the  heavily  doped  layers  would  be  about 
3  x  1016  cm  ~3.  In  the  lightly  doped  layers, 
the  concentration  n~  would  be  about  1015 
or  less. 

The  voltage  drop  of  about  V/N  in  each 
lightly  doped  blocking  layer  could  be  used 
to  control  the  level  of  impact  ionization.  The 
spectral  response  of  the  detector  would 
depend  on  the  concentration  n+  and  could 
be  tailored  to  specific  applications.  For  ex- 
ample, n  +  could  be  varied  from  layer  to 
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layer  or  graded  within  each  layer  to  obtain 
flat,  broadband  response. 

777/s  work  was  done  by  Albert  W. 
Overhauser  and  Joseph  Maserjian  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

777/s  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NP0-17235/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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CONCENTRATION  OF  DOPANT  IN  LAYERS 


Alternating  Layers  of  n+  and  n-  germanium  would  provide  high  detectivity  in  the  far-Infrared 
spectral  region.  It  should  also  be  possible  to  make  similar  structures  with  positive  doping 
and  with  such  other  semiconductors  as  silicon  or  gallium  arsenide  to  obtain  various  spec- 
tral responses. 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Cooling  Shelf  for  Electronic  Equipment 

Heat-pipe  action  cools  and  maintains  electronics  at  nearly  constant  temperature. 


Electronic  components  mounted  on  flat 
shelves  in  spacecraft  generate  enough 
waste  heat  to  require  cooling.  Typically,  the 
shelves  are  made  of  solid  aluminum,  and 
the  heat  is  conducted  away  through  them. 
At  high  heating  rates,  the  result  is  large  dif- 
ferences of  temperature  (10  to  20  °C)  be- 
tween sources  and  sinks,  and  varying  heat- 
input  and  cold-sink  conditions  create 
significant  variances  (20  to  40  °C)  in  tem- 
peratures of  the  surfaces  of  the  shelves. 
Larger  power  levels  can  be  accommodated 
only  by  increasing  the  thicknesses  and 
weights  of  solid  shelves  or  by  reducing  the 
temperatures  of  the  cold  sinks. 

A  system  has  been  designed  to  control 
the  temperatures  of  spacecraft  shelves  or 
baseplates  by  combining  a  honeycomb 
sandwich  panel  with  a  reservoir  of  noncon- 
densable  gas  and  processing  the  resulting 
device  as  a  variable-conductance  heat 
pipe  (VCHP).  As  a  result,  the  device  pro- 
vides a  flat  surface  for  mounting  heat-dissi- 
pating electronics  that  is  effectively  cooled 
and  maintained  at  nearly  constant  temper- 
ature. 


The  honeycomb  VCHP  can  accommo- 
date input  heat  up  to  several  W/cm2,  and 
permits  random  placement  of  hot  compo- 
nents; i.e.,  the  hottest  components  do  not 
need  to  be  mounted  closest  to  the  cold 
wall.  In  addition,  stable  operation  of  elec- 
tronics and  protection  from  low  tempera- 
ture are  provided  by  the  variable-conduct- 
ance feature,  which  can  achieve  a  nominal 
control  span  of  3  °C. 

A  reservoir  of  inert  gas  is  attached  to  a 
stainless-steel  honeycomb  panel  near  the 
condenser  end  of  what  is  to  be  the  heat 
pipe.  The  condenser  end  acts  as  the  ther- 
mal interface  with  the  wall  of  the  spacecraft 
or  similar  cold  sink.  The  device  is  processed 
with  a  predetermined  amount  of  working 
fluid  (methanol)  and  noncondensable  gas 
(nitrogen).  The  amount  of  gas,  the  size  and 
type  of  the  reservoir,  the  input  power,  and 
the  temperature  of  the  sink  determine  the 
degree  of  control  of  the  temperature  of  the 
source  of  heat. 

The  device  acts  as  a  very  efficient  con- 
ductor of  heat  during  full  load.  At  less  than 
full  load,  the  expanding  noncondensable 


pipe  action  and  maintains  close  control  of 
the  temperature  of  the  shelf  despite  varia- 
tions in  conditions  at  the  source  and  at  the 
sink  of  heat.  The  honeycomb  panel  can  pro- 
vide the  structural  support  and  flat  mounting 
surface  of  a  conventional  solid  conducting 
shelf  and  can  do  so  with  reduced  weight 
and  superior  thermal  performance.  Be- 
gas  effectively  blocks  off  increasing  por- 
tions of  the  condenser  to  maintain  the  shelf 
at  a  nearly  constant  temperature.  The  res- 
ervoir can  be  either  a  hot  or  a  cold  type,  de- 
pending on  desired  temperature-control 
limits  and  the  level  of  complexity. 

This  device  provides  a  high-conductance 
path  for  the  transfer  of  heat  from  electronics 
to  the  cold  walls  of  a  spacecraft  via  heat- 
sides  its  use  in  aerospace  applications,  this 
technology  is  potentially  useful  in  freeze 
drying,  refrigeration,  and  air  conditioning. 

This  work  was  done  by  Herbert  J. 
Tanzer   of   Hughes   Aircraft   Co.    for 
Langley  Research  Center. 
LAR-13956/TN 
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Digital  Integrate-and-Dump  Filter  With  Offset  Sampling 

Detection  of  weak  signals  would  be  improved  slightly. 


A  digital  integrate-and-dump  filter  has 
been  proposed  for  the  detection  of  weak 
rectangular-pulse  signals  corrupted;by  ad- 
ditive white  Gaussian  noise.  The  theory  of 
the  filter  takes  account  of  the  degradation 
of  performance  caused  by  offset  sampling, 
in  which  the  beginning  and/or  end  of  the 
sampling  period  differs  from  the  desired 
starting  and/or  stopping  time,  respectively, 
of  the  integration. 

An  ideal,  perfectly-synchronized  inte- 
grate-and-dump filter  (IDF)  is  the  optimum 
matched  filter  for  coherent  detection  of 
rectangular-pulse  signals  corrupted  by  ad- 
ditive white  Gaussian  noise  (AWGN).  In 
practice,  digital  implementation  of  the  IDF 
has  several  advantages  over  its  analog 
counterpart,  including  the  following: 
•Ability  to  dump  instantaneously  with  no 
overshoot, 

•  Absence  of  drift  from  the  quiescent  oper- 
ating point,  and 

•  The  use  of  advanced  digital  integrated  cir- 
cuits to  perform  multiplication  and  accu- 
mulation with  greater  accuracy 

To  prevent  aliasing  in  the  digital  imple- 
mentation, the  input  signal  must  be  low-pass- 
filtered  prior  to  sampling.  This  prefiltering 
degrades  the  performance  of  the  receiver 
by  causing  intersymbol  interference  and 
limiting  the  bandwidth.  The  additional  de- 
gradation of  performance  caused  by  offset 
sampling  is  negligible  when  the  number  of 
samples  per  symbol  is  large  but  becomes 
significant  when  that  number  is  small.  The 
performance  of  the  digital  implementation 
is  evaluated  as  a  function  of  the  bandwidth, 
sampling  frequency,  and  offset  by  compar- 
ison with  the  performance  of  an  ideal,  per- 
fectly-synchronized analog  implementa- 
tion (see  figure).  (In  the  limit  as  the  band- 
width of  the  prefilter  and,  consequently,  the 
sampling  rate  approach  infinity,  the  per- 
formance of  the  digital  IDF  converges  to 
that  of  the  ideal  analog  IDF.) 

For  the  analysis,  it  is  assumed  that  the 
sampling  clock  runs  freely  in  the  sense  that 
it  is  not  locked  in  phase  to  the  symbol  clock 
(thus  allowing  offset).  Nevertheless,  for 
most  cases,  perfect  synchronization  of 
symbols  is  assumed  in  the  sense  that  the 
sampling  frequency  is  an  integral  multiple 
of  the  symbol  frequency  and  the  receiver 


has  perfect  knowledge  of  the  beginning 
and  ending  times  of  each  symbol  period. 
Quantization  noise  in  the  sampler  and  in- 
stability of  the  sampling  clock  are  neglect- 
ed. 

The  performances  of  digital  and  ideal 
analog  IDF's  were  studied  theoretically 
and  with  the  help  of  Monte  Carlo  simula- 
tions. It  was  found  that  the  digital  IDF  per- 
forms within  0.6  dB  of  the  ideal  analog  IDF 
whenever  the  bandwidth  of  the  prefilter  ex- 


ceeds four  times  the  symbol  rate  and  sam- 
pling is  at  the  Nyquist  rate  (twice  the  band- 
width of  the  filter).  If  the  sampling  rate  is 
increased  to  twice  the  Nyquist  rate,  the 
loss  of  performance  can  be  reduced  to  0.3 
dB,  of  which  0.2  dB  result  from  finite  band- 
width and  0.1  dB  from  the  digital  IDF. 

This  work  was  done  by  R.  Sadr  and 
W.J.  Hurd  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17437/TN 
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NOTES: 


T0 


=  Time  of  propagation  from 
transmitter  to  receiver. 

2.  T     =  Symbol  period. 

3.  Ts    =  Sampling  period. 

4.  t-|    =  Sampling  offset. 

5.  r(t)  =  Received  signal  modulation 

6.  s(t)  =  Transmitted  signal  modulation. 


(k  +  1)T  +  T0 


7.  y(t)  =  Prefiltered  signal  modulation. 

8.  t      =  Time. 

9.  i  and  k  are  integers. 

10.  A|<  =  the  sampled  output  of  either 
integrate-and-dump  filter 
from  the  kth  integration  period. 


The  Performances  of  Integrate-and-Dump  Filters  are  analyzed  by  comparison  of  the  digital 
and  the  ideal  analog  versions.  Transmitted  and  noiseless  prefiltered  waveforms  are  shown 
to  illustrate  time  relationships. 
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Improving  Estimates  of  Phase  Parameters 
When  Amplitude  Fluctuates 

An  adaptive  inverse  filter  is  applied  to  the  incoming  signal  and  noise. 


A  time-varying  inverse-filtering  tech- 
nique has  been  developed  to  improve  the 
digital  estimate  of  the  phase  (and  the  pa- 
rameters of  the  power  spectral  density  of 
the  phase)  of  a  received  carrier  signal. 
More  specifically,  the  technique  is  intended 
for  use  where  the  received  signal  fluc- 
tuates in  amplitude  as  well  as  in  phase  and 
the  signal  is  tracked  by  a  digital  phase- 
locked  loop  that  keeps  its  phase  error 
much  smaller  than  1  radian;  that  is,  the 
loop  remains  in  lock.  The  technique  could 
be  useful  in  navigation  systems,  the  recep- 
tion of  time-  and  frequency-standard 
signals,  and  possibly  spread-spectrum 
communication  systems. 

The  technique  is  based  in  part  on  the  ob- 
servation that  random  variations  in  the 
transfer  function  of  a  conventional  tracking 
loop  can  be  attributed  directly  to  the  fluc- 
tuations in  the  amplitude  of  the  signal.  This 
suggests  the  use  of  a  time-varying  inverse 
filter  to  remove  the  unwanted  effects  of 
amplitude  from  the  output  of  the  phase  de- 
tector. The  necessary  estimates  of  ampli- 
tude can  be  obtained  from  the  in-phase 
samples,  provided  that  the  loop  remains  in 
lock  as  assumed. 

The  figure  illustrates  the  linear  mathe- 
matical model  of  the  loop  that  applies  as 
long  as  it  remains  in  lock.  The  loop  gener- 
ates estimates  9(0  of  the  received  phase  at 
sampling  intervals  /  from  the  received 
phase  sequence  9(1).  The  instantaneous 
phase  error  <K0  =  9(0  -  9(0  is  multiplied  by 
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Oq(D 
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9(1)        w 
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Filter 


Estlmated- 
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Filter 


•e(i) 


Numerically  Controlled 
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The  Inverse-Filter  compensates  for  the  fluctuations  in  the  amplitude  A(i).  The  output  of  the 
inverse  filter  is  an  estimate  of  the  phase  of  the  received  signal,  plus  a  modified  noise  compo- 
nent. 


a  relatively-slowly-varying  sequence  A(i) 
that  represents  the  fluctuating  amplitude. 
With  the  addition  of  the  equivalent  noise 
sequence  njj),  the  output  y{i)  of  the  phase 
detector  becomes  a  sequence  containing 
products  and  sums  involving  the  ampli- 
tude, phase,  noise,  and  the  transfer  func- 
tions of  the  loop  filter  and  the  numerically 
controlled  oscillator. 

The  inverse-filtering  equations  apply^a 
correction  to  yij)  based  on  the  estimate  A(i) 
of  the  amplitude  sequence  A(0.  The  effect 
of  the  filter  can  be  expressed  as  a  recur- 
sion on  the  sequence  y(i).  The  output  of  the 
inverse  filter  is  a  sequence 

v(i)  =  m  +  [n^i)IA(i)] 


where  |(f)  is  the  estimate  of  the  total  phase 
of  the  received  signal  (including  the  com- 
ponents due  to  instability  in  the  transmitter 
oscillator,  Doppler  shift,  and  other  effects 
of  propagation). 

The  inverse-filtered  noise  component  is 
white  noise.  The  power  spectral  density  of 
the  output  signal  contains  the  power-law  or 
other  spectral  contribution  of  the  received 
signal,  which  can  be  estimated  by  means 
of  standard  techniques. 

This  work  was  done  by  V.A.  Vilnrotter, 
D.H.  Brown,  and  W.J.  Hurd  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17560/TN 
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N-Bit  Binary  Resistor 

Binary  resistors  in  series  can  be  tailored  to  a  precise  value  of  resistance. 


A  multibit,  binary-based,  adjustable  re- 
sistor with  high  resolution  can  be  used  in 
many  applications  where  precise  resist- 
ance is  required.  The  n-stage  or  n-bit  resis- 
tor network  design  is  shown  in  the  figure.  If 
each  resistor  has  a  resistance  twice  that  of 
the  one  on  its  immediate  left,  then 


and 


*1  =  2fl0 
R2  =  2/?, 


Rr 


=   ARr 


,  =  2Rn_2  =  (2"-')R0 

The  resistors  R0,RV...,  and  Rn  _ ,  are 

tied  together  by  traces  f0, 1 1 and  tn  _  v 

In  the  "uncut"  form  shown  in  the  figure,  the 


total  resistance  between  points  1  and  2  ap- 
proaches 0;  that  is,  R  =  0.  If  trace  f0is  cut 
or  removed,  then  R  =  R0.  In  similar  fash- 
ion, if  f1  is  removed,  then  R  =  Rv  If  f0and 
f1  are  both  removed,  then  R  =  R0+R^  = 
3R0.  Since  the  resistances  are  binary 
based,  any  resistance  value  between  0 
and  (2n-1)  ft0can  be  achieved  by  remov- 
ing the  appropriate  traces.  For  example,  in 
a  10-bit  network,  to  make  R  =  613ft0, 
traces  t0,  t2,  t5,  t&  and  f9  are  removed  to 
yield 
R  =  (29  +  26  +  25  +  22  +  2°)fl0  = 

(512  +  64  +  32  +  4  +  1)fl0  =  613  R0 
The  configuration  of  this  type  of  network 


is  not  limited  to  the  form  shown.  For  exam- 
ple, to  minimize  the  overall  physical  size,  a 
circular  configuration  might  be  preferable. 
This  resistor  network  can  be  deposited  on 
a  bondable  foil.  A  10-bit  foil  resistor  net- 
work that  has  a  full-scale  resistance  on  the 
order  of  1  ohm  can  be  manufactured  on  a 
Va  -  by  %-in.  (6.35-  by  3.2-mm)  foil  by  existing 
techniques.  Larger  full-scale  resistance 
networks  also  can  be  readily  accommo- 
dated by  use  of  this  concept. 

This  work  was  done  by  Ping  Tcheng  of 
Langley  Research  Center.  No  further 
documentation  is  available. 
LAR-13709 


The  Desired  Value  of  Resistance  is  obtained  by  cutting  the  appropriate  traces  across  the  re- 
sistors. 
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Paraboloidal  Antenna  Radiates  Fan  or  Pencil  Beams 

The  shape  of  the  beam  is  determined  by  the  type  of  feed. 


Theory  and  experiments  show  that  the 
same  paraboloidal  antenna  reflector  can 
be  used  to  radiate  a  pencil  beam  or  fan 
beam,  depending  on  the  configuration  of 
the  feed.  Usually,  a  paraboloidal  reflector  is 
fed  by  a  low-gain  antenna  or  waveguide 
horn  that  acts  as  an  approximate  point 
source;  such  a  feed  illuminates  the  parabo- 
loid fairly  evenly,  giving  rise  to  a  pencil- 
shaped  (that  is,  circularly  symmetrical 
about,  and  sharply  pointed  in,  the  forward 
direction)  beam  with  side  lobes. 

Although  a  pencil-shaped  beam  is  de- 
sirable in  many  applications,  a  fan-shaped 
beam  is  preferred  in  some  scanning-radar 
and  mapping-radar  systems.  One  can  use 
the  approximate  Fourier-transform  rela- 
tionship between  the  near-field  pattern  of 
the  feed  radiator  and  the  far-field  pattern  of 
the  overall  antenna  to  make  a  preliminary 
selection  of  the  feed  pattern  and,  there- 
fore, of  the  feed  radiator  that  is  likely  to  pro- 
duce the  desired  fan-shaped  far-field  pat- 
tern. For  example,  a  linear  array  of  dipole 
radiators  feeding  a  reflector  would  be  ex- 
pected to  generate  a  far-field  pattern  that 
has  approximately  constant  intensity  over 
a  wide  angle  in  the  plane  of  the  array  and  a 
narrow  pattern  like  that  of  a  pencil  beam  in 
the  plane  perpendicular  to  the  array  (see 
figure). 

An  experiment  was  performed  with  a 


paraboloidal  reflector  that  had  a  focal 
length  of  48  in.  (1. 22  m)  and  a  diameter  pf 
3.65  m.  The  reflector  was  illuminated  at  a 
frequency  of  13.6  GHz,  first  by  an  8-ele- 
ment  microstrip  linear  array,  the  center  of 
which  was  placed  13  in.  (33  cm)  off  axis 
and  2.9  in.  (74  cm)  outward  from  the  focal 
plane,  then  by  a  16-element  microstrip 
linear  array,  the  center  of  which  was  placed 
18.3  in.  (46.5  cm)  off  axis  and  4.7  in.  (11.9 
cm)  outward  from  the  focal  plane.  In  the 
first  case,  the  beam  was  turned  ~15°  off 
axis,  ~3.5  °  wide  in  the  plane  of  the  array, 
and  ~0.5  °  wide  in  the  perpendicular  plane. 
In  the  second  case,  the  beam  was  turned 


~21  °  off  axis,  ~5°  wide  in  the  plane  of  the 
array,  and  ~0.45°  wide  in  the  perpendicu- 
lar plane. 

The  experiment  showed  that  fan  beams 
can  be  generated  in  this  way  and  are  not 
seriously  distorted  by  the  feed  offsets 
tested.  The  experiments  also  showed  that 
because  the  reflector  is  in  the  near  field  of 
the  feed,  the  fan  beam  is  not  necessarily 
focused  by  placing  the  feed  at  the  focal 
plane.  Pending  a  more-complete  theoreti- 
cal analysis,  it  is  necessary  to  find  the  op- 
timum location  for  the  feed  by  experimen- 
tation. 

This  work  was  done  by  John  Huang  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17503/TN 
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The  Far-Field  radiation  pattern  of  a  paraboloidal  reflector  illuminated  by  a  linear-array  feed 
antenna  is  wide  in  one  plane  and  narrow  in  a  perpendicular  plane. 
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Removing  Bonded  Integrated  Circuits  From  Boards 

A  heater  interposed  between  chip  and  board  softens  the  bond  to  ease  removal. 


A  small  resistance  heater  makes  it  easi- 
er, faster,  and  cheaper  to  remove  an  inte- 
grated circuit  from  a  hybrid-circuit  board, 
package,  or  other  substrate  for  rework. 
The  heater,  located  directly  in  the  poly- 
meric bond  interface  or  on  the  substrate 
under  the  integrated-circuit  chip,  is  ener- 
gized when  it  is  necessary  to  remove  the 
chip.  The  heat  it  generates  softens  the  ad- 
hesive or  solder  that  bonds  the  chip  to  the 
substrate.  The  chip  can  then  be  lifted  easily 
from  the  substrate. 

Until  now,  a  defective  chip  had  to  be  re- 
moved by  brute  force — that  is,  by  prying  it 
away  —  or  by  heating  it  with  a  jet  of  hot  air 
to  soften  the  bond.  The  brute-force  method 
can  damage  adjacent  components  as  well 
as  the  chip  itself.  A  broken  chip,  of  course, 
makes  the  analysis  of  defects  more  dif- 
ficult. The  hot  air  can  contaminate  or 
damage  the  chip  or  the  adjacent  circuitry 
on  the  board. 

An  insulated  nickel/chromium-alloy  re- 
sistance wire  can  be  embedded  in  a  ser- 
pentine pattern  in  the  polymeric  adhesive 
when  the  chip  is  attached  to  the  substrate 
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Figure  1.  An  Insulated  Resistive  Heating  Element  is  embedded  in  the  polymeric  adhesive  be- 
tween an  integrated-circuit  chip  and  a  die  on  which  it  is  mounted. 

(see  Figure  1).  If  it  becomes  necessary  to 
remove  the  chip,  a  current  of  about  0.6  A 
can  be  applied  at  1  to  2  V  to  heat  the 
adhesive  and  soften  it  (see  Figure  2).  Alter- 
natively, a  thick-film  resistive  heating  ele- 
ment can  be  deposited  as  part  of  the 
printed  circuit  on  the  substrate. 

This  work  was  done  by  John  T.  Rice 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17031/TN 


Figure  2.  A  Pair  of  Probes  applies  current  to  the  terminals  of  a  resistive  heating  element  em- 
bedded in  the  adhesive  in  the  manner  shown  in  Figure  1.  The  heater  softens  the  bonding  ma- 
terial so  that  the  bladed  tool  at  the  right  can  lift  the  chip  away. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


325 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Variable-Resistivity  Material  for  Memory  Circuits 

Nonvolatile  memory  elements  can  be  packed  densely. 


Electrically-erasable,  programmable, 
read-only  memory  matrices  can  be  made 
with  a  newly-synthesized  organic  material 
of  variable  electrical  resistivity.  The  materi- 
al —  polypyrrole  doped  with  tetracyano- 
quinhydrone  (TCNQ)  —  changes  reversibly 
between  an  insulating  or  higher-resistivity 
("off"  or  "zero")  state  and  a  conducting  or 
low-resistivity  ("on"  or  "one")  state.  The  ma- 
trix circuits  made  with  this  material  are  use- 
ful for  experiments  in  associative  electronic 
memories  based  on  models  of  neural  net- 
works. 

Each  memory  cell  is  a  variably  resistive 
connection  in  the  small  portion  of  the  film 
at  the  intersection  of  a  row  conductor  and 
a  column  conductor  (see  figure).  To  "read" 
the  contents  of  a  memory  cell  —  that  is,  to 
sense  the  resistance  at  an  intersection,  a 


potential  of  typically  5  V  is  applied  across 
the  intersection  via  the  row  and  column 
conductors.  This  can  be  done,  for  exam- 
ple, by  leaving  the  row  conductor  at  ground 
potential  and  applying  + 5  V  or  -5  V  to  the 
column  conductor,  or  vice  versa. 

Because  neutral  polypyrrole  forms  com- 
plexes spontaneously  with  TCNQ,  the  ener- 
gy involved  in  the  transition  between  con- 
ductor and  insulator  is  very  small.  The 
transition  is  due  to  the  migration  of  elec- 
trons between  the  polypyrrole  and  the 
TCNQ  in  response  to  the  applied  voltage. 
To  "write"  or  "erase"  the  contents  of  a 
cell  —  that  is,  to  change  the  resistance  at 
an  intersection  —  a  potential  twice  that  of 
the  reading  potential  is  applied;  for  exam- 
ple, by  applying  +5  V  to  the  row  conduc- 
tor and  -  5  V  to  the  column  conductor.  The 


Column  Conductors  insulating  and 

Sealing  Layer" 


Switched 
Volume 


A  Thin  Rim  ot  Conductive  Polymer  separates  a  layer  of  row  conductors  from  a  layer  of  col- 
umn conductors.  The  resistivity  of  the  film  at  each  intersection  and,  therefore,  the  resis- 
tance of  the  memory  element  defined  by  the  row  and  column,  can  be  increased  or  decreased 
by  the  application  of  a  suitable  switching  voltage. 
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opposite  change  of  resistance  —  that  is, 
the  reverse  of  the  previous  "erasing"  or 
"writing"  operation  —  is  effected  by  the 
application  of  the  reverse  of  the  writing 
voltages. 

To  begin  fabrication,  a  parallel  set  of  row 
or  column  conductors  is  laid  down  on  an  in- 
sulating substrate,  possibly  by  electrode- 
position.  The  conductors  are  preferably 
gold,  platinum,  glassy  carbon,  or  other  pas- 
sive material.  An  electrochemical  cell  is  pre- 
pared with  a  solution  of  pyrrole  monomer  in 
a  solvent  of  acetonitrile  with  an  electrolyte 
of  tetrabutylammonium  perchlorate.  The 
substrate  and  conductors  are  inserted  in 
the  solution,  and  a  positive  voltage  is  ap- 
plied to  them  with  respect  to  another  elec- 
trode in  the  solution.  This  causes  the  pyr- 
role to  polymerize  and  deposit  onto  the 
conductors  and  substrate. 

The  electrolyte  gives  rise  to  an  unde- 
sirable negative  doping.  Therefore,  after 
deposition,  the  polarity  of  the  electrochem- 
ical cell  must  be  reversed  long  enough  to 
remove  the  dopant.  Next,  a  lithium  salt  of 
TCNQ  is  added  to  a  new  batch  of  acetoni- 
trile solvent  and  0  to  0.1  V  applied  to  the 
conductors  to  obtain  the  desired  amount  of 
doping  with  TCNQ.  The  greater  the  density 
of  the  TCNQ  dopant,  the  lower  the  electri- 
cal resistance  in  the  "on"  state. 

Preliminary  tests  reveal  a  change  in  the 
resistance  of  a  memory  cell  from  about 
1012  Q  in  the  "off"  state  to  about  107  Q  in 
the  "on"  state  —  a  factor  of  10  ~5.  The 
high  resistance  of  the  "on"  state  is  desir- 
able because  it  enables  the  use  of  a  high 
density  of  cells  without  excessive  thermal 
dissipation.  Complete  changes  of  state 
have  been  accomplished  with  100-ms 
pulses,  and  response  times  may  eventually 
be  reduced  to  a  few  milliseconds. 

This  work  was  done  by  Ganesan 
Nagasubramanian,  Salvador  DiStefano, 
and  Jovan  Moacanin  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


NIST  Announces  Millimeter-Wave  Services 


In  response  to  industry  needs,  NIST  has  expanded  the  theory  and  practice  of  its  antenna  near-field 
scanning  method  by  establishing  antenna  measurement  services  at  millimeter-wave  frequencies 
(above  30  GHz).   Services  are  now  offered  for  antenna  gain  and  polarization  to  65  GHz  and  for 
antenna  pattern  to  50  GHz.   The  new  services  use  planar  scanning,  in  which  a  well-characterized 
measurement  probe  scans  across  a  plane  at  a  fixed  distance  from  the  plane  of  the  antenna.  At  higher 
operational  frequencies,  the  errors  in  the  computed  far-field  pattern  introduced  by  errors  in  probe 
position  become  more  significant.   NIST  has  developed  special  software  programs  to  correct  the 
final  results,  once  the  positional  error  has  been  determined  over  the  scanning  plane. 

FOR  ADDITIONAL  INFORMATION:  To  arrange  for  a  calibration,  contact  Allen  Newell,  telephone: 
(303)497-3743   or  Kathy   Hillen,   NIST,   Div.   723.   10,   Boulder,   Colo.   80303;   (303)497-3753. 
Copies  of  paper  46-89,  which  describes  these  services,  can  be  obtained  from  Jo  Emery,  NIST,  Div. 
104,  Boulder,  Colo.    80303;    (303)497-3237. 
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Test  Structures  for  Bumpy  Integrated  Circuits 

Cross-bridge  resistors  are  added  to  comb  and  serpentine  patterns. 


An  improved  combination  of  test  struc- 
tures built  into  an  integrated  circuit  is  used 
to  evaluate  design  rules,  fabrication  proc- 
esses, and  the  quality  of  interconnections. 
Electrical  measurements  of  the  test  struc- 


tures are  processed  by  a  computer  to  de- 
termine whether  interconnections  thin  ex- 
cessively, break,  or  short-circuit  as  they 
pass  over  bumpy  circuit  elements  on  the 
surface  of  the  integrated-circuit  chip.  Both 
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Figure  1.  Test  Structures  consist  of  meshing  serpentines  and  combs,  and  a  cross  bridge. 
These  structures  are  used  to  make  electrical  measurements  that  reveal  defects  in  the 
design  or  fabrication. 


aluminum  and  polycrystalline  silicon  inter- 
connections can  be  evaluated. 

The  combination  of  test  structures  in- 
cludes three  comb  arrays,  two  serpentine 
arrays,  and  a  cross  bridge  (see  Figure  1). 
The  test  structures  are  made  of  aluminum 
or  polycrystalline  silicon,  depending  on  the 
material  in  the  integrated-circuit  layers  to 
be  evaluated.  Aluminum  combs  and  ser- 
pentine arrays  are  deposited  over  steps 
made  by  the  polycrystalline  silicon  and  dif- 
fusion layers,  while  polycrystalline  silicon 
versions  of  these  structures  are  used  to 
cross  over  steps  made  by  the  thick  oxide 
layer  (see  Figure  2). 

Measurements  are  taken  by  computer- 
controlled  testing  equipment  that  includes 
a  current  source,  a  differential  voltmeter, 
and  a  power  supply.  Measurements  taken 
on  the  cross  bridge  are  used  to  determine 
the  widths  of  the  lines  in  the  serpentine  ar- 
rays. Previous  optical  and  electrical  meas- 
urements have  shown  that  the  width  of  a 
line  tends  to  change  where  it  crosses  a 
step,  and  accurate  values  of  width  are 
needed  to  produce  accurate  evaluations. 
Measurements  on  the  cross  bridge  are 
also  used  to  determine  the  sheet  resist- 
ance of  the  aluminum  or  polycrystalline 
silicon  interconnection  material. 

To  detect  inadequate  coverage  of  steps 
caused  by  the  thinning  of  lines,  the  system 
forces  a  current  along  the  serpentines  — 
500  jjA  for  aluminum  and  1  ^A  for  polycrys- 
talline silicon  —  and  measures  the  voltage 
drop.  From  the  known  current  and  the 
measured  voltage  drop,  the  system  calcu- 
lates the  resistance  of  the  serpentine. 
From  the  calculated  resistance  and  from 
the  average  width  of  the  lines  and  the  sheet 
resistance  determined  previously  from 
measurements  on  the  cross  bridge,  the 
system  computes  the  effective  length  of 
the  serpentine.  If  this  length  is  more  than 
150  percent  of  the  nominal  length,  the  sys- 
tem considers  the  serpentine  to  have  ex- 
cessive resistance  and  labels  the  affected 
area  of  the  circuit  chip  as  having  defective 
coverage  of  steps.  Similarly,  if  a  serpentine 
line  is  broken  at  any  point,  it  carries  no  cur- 
rent, causing  the  system  to  detect  an  open 
circuit  and  to  label  the  area  as  defective. 
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To  test  for  short  circuits,  the  system  sup- 
plies a  constant  5  volts  between  the  ser- 
pentine and  the  comb  and  measures  the 
leakage  current  between  them.  If  the  leak- 
age is  greater  than  10  nA,  the  layers  are 
considered  short-circuited,  and  the  site  is 
labeled  as  faulty. 

The  system  presents  its  measurements 
in  four  ways: 

1 .  It  draws  a  map  that  shows  the  locations 
of  defective  test  structures  on  the  chip. 

2.  It  generates  a  histogram  of  the  effective 
lengths  of  the  serpentines. 

3.  It  prints  out  statistical  information  on  the 
widths  of  the  lines,  the  sheet  resistances, 
and  the  resistances  and  effective  lengths 
of  the  serpentines. 

4.  The  characteristic  number  of  elements 
per  type  of  defect  (short  or  open  circuit)  is 
calculated  on  the  basis  of  Poisson  distri- 
butions of  defects  and  least-squares  fits. 
This  work  was  done  by  Martin  G. 

Buehler  and  Hoshyar  R.  Say  ah  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17393/TN. 
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Figure  2.  The  Test  Structures  of  Figure  1  are  shown  here  in  magnified  cross-sectional  views. 
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Hall-Effect  Current  Sensors  for 
Integrated  Circuits 

Built-in  devices  would  measure  direct  or  alternating  currents. 


Microscopic  Hall-effect  sensors  may 
eventually  be  built  into  integrated  circuits 
to  control  and  measure  electrical  currents. 
Preliminary  design  studies  and  experi- 
ments with  macroscopic  commercial  Hall- 
effect  sensors  have  been  conducted  to  as- 
sess the  feasibility,  limitations,  and  need  for 
further  research  and  development  of  this 
concept.  Potential  applications  include 
programmable  power  supplies  and  protec- 
tive circuitry. 

The  basic  principle  of  Hall-effect  current 
sensing  is  well  established.  The  Hall-effect 
sensor  measures  the  magnetic  field  at  a 
fixed  position  near  a  conductor,  and  the 
known  proportionality  (a  function  of  geom- 
etry) between  the  magnetic  field  and  the 
current  in  the  conductor  is  used  to  infer  the 
current.  Although  this  basic  principle  is 
straightforward  and  fairly  simple  to  apply  in 
the  case  of  large  conductors  carrying  large 
currents  and  spaced  far  apart,  several  ad- 
ditional factors  must  be  considered  in 
miniaturization. 

To  concentrate  the  magnetic  field  suffi- 
ciently to  obtain  adequate  sensor  output, 
the  conductor  has  to  be  constricted  near 
the  sensor,  allowing  the  placement  of  the 
sensor  close  to  the  centerline  (see  figure). 
The  length  and  width  of  the  constriction 
and  the  configuration  of  the  conductor  at 
the  approach  to  the  constriction  have  to  be 
chosen  not  only  to  accommodate  the  sen- 
sor but  also  to  avoid  excessive  voltage 
drop,  dissipation  of  power,  and  heating.  In 
addition,  the  current  density  in  the  con- 
striction must  not  be  so  high  as  to  cause 
diffusion  of  the  conductor  atoms. 

A  two-sensor,  differential  scheme  is  pre- 
ferred because  it  can  reduce  the  sensitivity 
to  the  magnetic  fields  caused  by  currents 


in  other  conductors,  which  one  is  not  seek- 
ing to  measure.  This,  in  turn,  facilitates 
miniaturization  by  permitting  the  closer 
placement  of  conductors  without  exces- 
sive degradation  of  accuracy  in  the  meas- 
urements. The  differential  scheme  can 
also  suppress  even-order  nonlinearities 
and  thermal  drifts  in  the  individual  sensors. 

The  maximum  frequency  at  which  accu- 
rate measurements  can  be  made  depends 
in  part  on  the  skin  effect,  which  increasing- 
ly affects  the  distribution  of  current  in  the 
conductor  as  the  frequency  increases.  An 
order-of-magnitude  calculation  shows  that 
frequency  distortion  could  be  a  significant 
issue  in  large  sensors  but  not  in  monolithic 
sensors  of  currents  of  the  order  of  1  A 
Other  issues  to  be  considered  in  develop- 
ment and  design  include  the  responses  to 
transient  currents  and  the  need  for  electro- 
static shielding  to  reduce  capacitive  coupl- 
ing of  transient  voltages  to  the  sensors. 

This  work  was  done  by  Wally  E.  Rippel  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 
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This  work  was  done  by  Wally  E.  Rippel 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
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Hall-Effect  Sensors  are  placed  near  a  constriction  in  a  conductor  strip.  The  differential  con- 
figuration reduces  the  effects  of  stray  magnetic  fields,  nonlinearities,  and  changes  in  tem- 
perature. 
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Technology  Application 


Sandia  National  Laboratory 

Changes  Improve  Performance  in  Long-Life  Thermal 
Batteries 

Scientists  at  Sandia  National  Laboratories  have  eliminated  troublesome  voltage  spikes  in  long-life 
lithium  alloy/iron  disulfide  thermal  batteries  by  adding  lithium  oxide  to  the  cathodes.    These 
spikes  -  brief  increases  in  voltage  -  are  detrimental  because  many  of  the  electronic  components 
powered  by  thermal  batteries  operate  in  a  very  narrow  voltage  range. 

Used  in  weapons  and  spacecraft,  thermal  batteries  can  remain  inactive  for  30  years  or  more  before 
discharging  their  energy.   They  produce  power  for  periods  ranging  from  a  few  minutes  to  one  hour. 

Unlike  conventional  batteries  such  as  those  used  in  automobiles,  thermal  batteries  have  solid 
electrolytes  that  remain  chemically  inert  until  they  are  melted.    Sandia's  thermal  batteries  contain 
an  electrolyte  consisting  of  lithium  chloride  and  potassium  chloride  mixed  with  a  powdered  binder 
of  magnesium  oxide. 

The  electrolyte  conducts  lithium  ions  from  the  negative  terminal  (anode)  to  the  positive  terminal 
(cathode)  after  it  is  melted  by  the  ignition  of  a  pyrotechnic  train.    Electrochemical  reactions  occur 
within  milliseconds,  bringing  the  battery  to  full  power  within  two  seconds.    The  battery  ceases 
operation  when  the  electrolyte  resolidifies  or  when  the  electroactive  components  are  exhausted  in 
an  electrochemical  reaction. 

The  first  thermal  batteries  were  developed  by  the  Germans  during  World  War  II  for  use  in  V-2 
rockets.  They  used  a  calcium  anode  and  calcium  chromate  cathode.  In  the  late  1970s,  Sandia  began 
developing  a  thermal  battery  that  used  a  lithium-silicon  alloy  as  an  anode  and  iron  disulfide  as  a 
cathode.    The  new  battery  was  much  lighter  than  the  earlier  calcium/calcium  chromate  batteries  - 
weighing  about  2  pounds  compared  with  10  pounds. 

But  the  new  batteries  continued  to  be  troubled  by  voltage  spikes  upon  activation.  Two  of  the  factors 
contributing  to  the  spikes  were  heat  related.    Higher  temperatures  created  by  the  pyrotechnic 
activation  of  the  battery  increase  the  electromotive  force.   This  heat  can  lead  to  partial 
decomposition  of  the  iron  disulfide,  which  generates  sulfur  vapor.    Since  sulfur  has  a  higher 
potential  than  iron  disulfide,  the  voltage  is  increased  further. 

Impurities  on  the  surface  of  the  iron  disulfide  also  can  cause  spikes.    Like  the  elemental  sulfur, 
these  oxidized  iron  compounds  increase  the  battery's  potential. 

A  fourth,  more  significant  factor  contributing  to  the  spikes  was  lithium  activity  associated  with  the 
iron  disulfide  in  the  cathode.    When  the  battery  is  activated,  the  iron  disulfide  has  no  lithium 
incorporated  in  it  and  the  battery  has  a  higher  potential  than  it  does  after  the  lithium-containing 
discharge  product  is  formed.   Thus,  the  voltage  is  greater  upon  activation  than  it  is  after  enough 
discharge  product  has  been  formed  to  result  in  a  stable  potential. 

By  controlling  the  rate  of  heat  input  to  the  battery,  the  heat-related  contributions  to  the  voltage 
spike  can  be  minimized.    By  careful  purification  of  the  iron  disulfide  before  it  is  incorporated  into 
the  cathode,  the  bulk  of  the  oxidized  iron  compounds  can  be  eliminated,  thereby  reducing  the 
contribution  to  the  voltage  spike.    To  control  the  effect  of  the  lithium  activity  upon  the  voltage 
spike,  Sandia  researchers  are  using  lithiation. 
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Sandia  scientist  Ned  Godshall  suggested  that  constant  voltage  could  be  achieved  if  lithium  were  added 
to  the  cathode  before  discharge,  thereby  "fixing"  the  lithium  activity  and  eliminating  the  spike. 

Researchers  found  that  lithium  sulfide  and  lithium  alloys  of  aluminum  or  silicon  would  also 
eliminate  the  spike  but  that  lithium  oxide  reacted  more  rapidly  and  completely. 

Iron  disulfide  cathodes  containing  lithium  alloys  or  lithium  sulfide  again  experienced  voltage 
spikes  when  iron  oxide  was  added.  This  simulates  the  effect  of  oxidation  of  iron  disulfide  caused  by 
moisture  permeating  the  battery.   These  effects  are  eliminated  when  lithium  oxide  is  used  for 
lithiation. 

The  lithium  sulfide  has  the  additional  drawback  of  emitting  noxious  hydrogen  sulfide  fumes  when  it 
reacts  with  moisture  from  the  air. 

"These  factors  were  relatively  minor,"  says  Ronald  A.  Guidotti,  a  Sandia  electrochemist  who 
evaluated  the  cathode  mixtures.   "The  most  significant  advantage  of  the  lithium  oxide  over  lithium 
sulfide  is  its  kinetics.    It  simply  reacts  faster.    The  other  lithiation  agents,  while  effective,  generate 
excessive  heat  during  lithiation  and  are  not  suitable  for  large-scale  processing." 

Evaluation  of  the  lithiated  cathode  material  began  about  three  years  ago  and  led  to  the  issuance  of  two 
patents  to  the  U.S.  Department  of  Energy.  A  patent  issued  in  Godshall's  name  (NO.  4,761 ,487)  was 
for  the  concept.    The  other  patent  (No.  4,731,307)  was  issued  in  Guidotti's  name  for  the  process. 

Frederick  W.  Reinhardt  also  was  instrumental  in  the  research,  working  with  Guidotti  to  test  the 
various  mixtures. 

FOR  ADDITIONAL  INFORMATION:   Public  Information  Division,  Code  3161,  Department  of  Energy, 
Sandia  National  Laboratories,  Albuquerque,  NM  87185-5800,  (505)844-4207.     Refer  to 
announcement  24,  No.  9. 
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Electrodes  for  Alkali-Metal  Thermoelectric  Converters 

A  new  design  decreases  cell  impedance. 


The  combination  of  a  thin,  porous  elec- 
trode and  an  overlying  collector  grid  reduc- 
es the  internal  resistance  of  an  alkali-metal 
thermoelectric  converter  cell.  Such  con- 
verters could  be  used  to  transform  solar, 
nuclear,  and  waste  heat  into  electric 
power.  The  low  resistance  of  the  new  elec- 
trode and  grid  boosts  power  density  nearly 
to  1  W/cm2  of  electrode  area  at  typical  op- 
erating temperatures  of  1,000  to  1,300  K. 

Thin  molybdenum  electrodes  with  fine 
overlying  current-collecting  grids  have 
been  operated  at  stable  power  densities  of 
0.5  W/cm2.  Impedance  analyses  of  these 
electrodes  indicate  that  more  substantial 
improvements,  to  about  0.6  to  0.7  W/cm2,  ~ 
can  be  achieved  with  finer  grids,  as  in  the 
conceptual  model  described  below.  Power 
densities  above  0.5  W/cm2  would  lead  to 
alkali-metal  thermoelectric-converter  sys- 
tem efficiencies  of  20  or  more  percent. 

The  porous  molybdenum  electrode  film 
0.2  to  0.5  um  thick  is  deposited  on  an  alu- 
mina tube  substrate.  On  the  film  are  photo- 
lithographically-deposited  parallel  conduc- 
tive strips,  0.004  cm  wide  and  0.04  cm 
apart  (see  figure).  A  wire  0.05  cm  in  diame- 
ter is  wrapped  around  the  tube  in  a  helix  of 
0.23-cm  pitch,  in  contact  with  the  parallel 
strips.  A  longitudinal  molybdenum  wire 
0.127  cm  in  diameter  is  brazed  to  the  heli- 
cal wires,  thus  providing  an  electrical  bus 
for  the  grid  formed  by  the  strips  and  wires. 
At  maximum  power  the  molybdenum  film 
electrode  reduces  the  effective  impe- 
dance to  the  flow  of  sodium  ions  from  the 
former  value  of  0.5  ohm-cm2  to  the  new 
value  of  0.1  ohm-cm2.  The  grid  compen- 
sates for  the  higher  electrical  sheet  resis- 
tance of  the  film,  yielding  a  total  effective 
impedance  for  the  cell  of  only  0.4  to  0.6 
ohm-cm2.  The  cell  resistance  could  be  re- 
duced even  further  by  the  use  of  a  thinner 
electrode  and  finer  grid  elements,  but  the 


Helically  Wrapped  Wire 
(0.05  cm  Diameter) 


0.23  cm 


0.04  cm  — •] 


Grid 
Lines 


DETAIL  A 


The  Conductive  Grid  Encircles  the  electrode  film  on  an  alumina  tube.  A  bus  wire  runs  along 
the  tube  to  collect  electrical  current  from  the  grid. 


electrode  assembly  would  then  be  more 
difficult  to  manufacture. 

This  work  was  done  by  Roger  M. 
Williams,  Bob  L  Wheeler,  Barbara 
Jeffries-Nakamura,  James  L.  Lamb, 
C.  Perry  Bankston,  and  Terry  Cole  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 


addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  C A  91125 
Refer  to  NP0-17159/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 


Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Engineering 


0332  Active  Swage  Fitting  System  for  Aerospace  Tubing 

0333  Carbon  Dioxide  Pellet  Cleaning 

0334  Cylindrical  Ultrasonic  Cleaner 

0335  Maintenance  Free,  High  Pressure  Hydraulic  Accumulator 

0336  Preventing  Fire  Suppression  System  Failures  on  Underground  Mine  Belt 
Conveyors 

0337  Fluid/Gas  Process  Controller — The  "Super  Burper"  controls  fill  fluids  and 
isothermality  during  manufacture  of  heat-pipe  devices. 

0338  Hydrodynamic  Stability  and  Frames  of  Reference — Criteria  of  stability 
are  different  in  different  sets  of  coordinates. 

0339  Insulated  Honeycomb) — The  flow  of  heat  through  the  honeycomb  is 
reduced.  (Licensing  Opportunity) 

0340  Microsandwich  Honeycombs — Fillings  of  foam  and  microspheres  can 
increase  the  strengths  of  honeycomb  panels.  (Licensing  Opportunity) 

0341  Reinforced  Honeycomb  Panels — Lightweight  reinforcement  applied 
during  fabrication  helps  panels  resist  buckling  and  bending.  (Licensing 
Opportunity) 

0342  Unpressurized  Container  for  Cryogenic  Testing — Samples  do  not  have 
to  be  sealed  in  the  vessel.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0343  SPITS,  A  Self-Propelled  In-Tube  Shuttle 

0344  Optical  Measurement  of  Sound  Pressure — A  noninvasive  technique 
does  not  disturb  the  field  it  measures. 

0345  Synchronizing  Photography  for  High-Speed-Engine  Research — Light 
flashes  when  a  shaft  reaches  a  predetermined  angle. 

0346  Tunnel-Effect  Displacement  Sensor — This  simple  device  is  extremely 
sensitive  to  small  displacements.  (Licensing  Opportunity) 


Technology  Fact  Sheet 

U.S.  Air  Force 


Active  Swage  Fitting  System  for  Aerospace  Tubing 


a  new  system  of  permanent, 

configuration  fittings  and 

production  and  repair  of 

'its  trade  name)  includes  all 


SYNOPSIS; 

The  active  swage  fitting  system  is 
separable,  hybrid,  and  special 
associated  installation  tools  for 
aerospace  tubing  systems.  "Rynglok" 
fitting  configurations  of  tees,  elbows,  unions,  and  separable  ends. 
The  fittings  are  a  lightweight  titanium  alloy  (6AL-4V).  The  small 
lightweight  installation  tool  is  operated  by  an  automatic 
air/hydraulic  intensifier  powered  by  shop  air  for  production  or 
depot  level  maintenance  and  field  maintenance  repair:  it  will  also 
operate  with  a  hand  pump  in  the  absence  of  an  air  power  source.  To 
install  a  Rynglok  fitting,  the  installation  tool  drives  an 
integral,  preset  swage  ring  onto  the  fitting  (continued  on  reverse) 

APPLICATIONS : 


FITTING  SYSTEM 


Current: 


Future: 


-  Lockheed-Georgia  C-130  8000  PSI  High  Technology  Testbed. 

-  AFWAL  8000  PSI  Pump  Loop  for  Pressure  Testing. 

-  AFWAL  8000  PSI  Distribution  System  Testbed  -  Rockwell. 

-  F-16  ABDR  and  field  repair;  MAC,  SAC,TAC,  and  NAVY  PRAM  Project. 


AIR  FORCE  R&M  2QOO  GOAL,  HIGHLIGHTS  r 

Increased  Combat  Capability:  Faster  system  repair,  higher  system  reliability. 

Decrease  Mobility  requirements:  Reduced  tooling  and  fitting  inventory,  lighter  tooling  per  system  (complete  kit  is 

50  pounds). 
Decrease  Manpower  Requirements:  Reduced  training  requirements  (10  minutes  to  train  individual). 
Decrease  Cost:  Lower  tool  and  fitting  costs,  reduced  tooling  and  fitting  inventories  (one  swaging  system  repairs  all 
tubes). 

BENEFITS/ DRAWBACKS; 

Faster  system  repair  and  higher  system  reliability  are  benefits  of  the  one-piece  Rynglok  active  swage  fittings  which  are 
Rot  sensitive  to  the  type  of  tubing  material  used  (aluminum,  steel,  titanium)  or  to  the  tubing  wall  thickness  up  to  8000 
PSI  pressure  rating.  This  all  inclusive  capability  of  a  single  common  multi-pressure  range  repair  system  reduces 
inventory  and  logistics  problems  for  production  and  field  repair  of  the  numerous  pressure  range  classes  of  aerospace 
fluid  systems.  Because  tooling  is  small,  lightweight,  and  versatile,  a  complete  tubing(continued  on  reverse) 

DOCUMENTATION  = 

Qualification  test  reports  available  from  Aeroquip  Corporation,  Linair  Division,  651  West  Knox  St.,  Gardena,  CA. 

90248  4498,  (213)  327-4890. 

Or  call  technology  POC  listed  below. 
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SYNOPSIS  ( cont ' d ) ; 

body,  locking  the  fitting  onto  the  tubing.  The  ring  remains  in  place  on  the  fitting  body,  creating  a  permanent  joint. 
The  ring  material  has  a  higher  yield  strength  than  the  fitting  body  and  the  tubing  material  causing  a  permanent 
deformation  of  both.  The  swage  is  a  complete  metal-to-metal  seal  with  no  elastomers  and,  therefore,  can  join  tubing  of 
dissimilar  materials  and  wall  thicknesses  in  all  pressure  classes  up  to  8000  PSI. 


( 


BENEFITS/DRAWBACKS   ( cont ' d ) = 

system  repair  tool  kit  with  handpump  and  accessories  is  compact,  lightweight,  and  highly  portable  (under  50  pounds). 
The  compact  installation  tooling  allows  rapid  repair  of  tubing  with  minimum,  or  no  disturbance,  of  surrounding 
structure,  equipment,  or  other  tubing  (see  related  TechTIP  TT  89026,  Chipless  Tube  Cutter.)  The  same  tool  is  used  for 
both  bench  and  in-place  installation  using  the  small  manual  hand  pump  or  an  automatic  air/hydraulic  intensifier.  The 
tool  requires  minimum  operator  skill  (approximately  5-10  minutes  of  operator  training  and  no  tool  assembly  required.) 
With  the  Active  Swage  Fitting  System,  logistics  support  requirements  are  minimized  because  the  same  tooling  and  fittings 
are  used  at  production,  depot,  field  levels,  and  ABDR  locations.  With  this  fitting  system  (which  produces  no  sparking 
source)  repair  of  leaking  fuel  lines  can  be  accomplished  on  the  aircraft. 


Rynglok  has  been  under  development  and 
test  for  three  years.  Several  prototype 
applications  are  under  study:  the  Lockheed 
Georgia  C-130  High  Technology  Test  Bed 
(HTTB);  AFWAL  8000  PSI  Pump  Loop  for 
Pressure  Testing;  and  AFWAL  8000  PSI 
distribution  system  study  at  Rockwell. 
ASD/YPL  is  studying  Rynglok  for  ABDR  and 
field  repair  of  the  F-16.  HQ  MAC,  SAC, 
TAC  and  Navy  are  undertaking  a  PRAM 
Project  to  identify  a  common  repair  of 
tubing  in  the  3000,  4000,  5000  and  8000 
PSI  hydraulic  environment. 

Rynglok  has  some  drawbacks  at  this  time. 
Rynglok  unions  (mid-line)  are  heavier  than 
memory  metal  unions  (see  TechTIP 
TT88002).  However,  tees,  crosses,  and 
elbows  compare  favorably  in  weight  and 
size  with  other  fitting  systems.  Rynglok 
has  had  no  operational  field  repair 
experience  to  date.  As  of  the  printing 
date  of  this  TechTIP,  Rynglok  successfully 
performed  on  prototype  systems.  This 
fitting  system  is  available  only  from 
Aeroquip  Corporation  Linair  Division  under 
the  trade  name  of  "Rynglok". 


( 


SWAGING  TOOL 


TECHNOLOGY  CONTACTS; 

Office:  AFWAL/POOS-1,  WPAFB  OH  45433-5000 

(Ms  Kristen  Schrario,  8000  PSI  Dist.  Sys. 
AUTOVON:  785-6241 
Com:  (513)  255-6241 


USER  CONTACTS; 

Office:  HQ  SAC/LGME,  OFFUTT  AFB  NE  68113 
(CMSgt  Bob  Bird,  Project  Manager) 
AUTOVON:  271-3750/  4783 
Comm:  (402)  294-3750/4783 


Office:  ASD/ENFEM  WPAFB,  OH  45433-5000 

(Mr  Steve  Grimes,  Flt-Sys.  Mech.  Branch) 
AUTOVON:  785-4158 
Comm:  (513)  255-4158 


Office:  Lockheed  Aeronautical  System  Co. 

(Mr  John  Hellerstedt,  Component  Engineer) 
86  S.  Cobb  St.,  Marietta,  GA  30063 
Comm:  (404)  494-3341 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).  Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.  For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  AFCOLR/TT 
Wright-Patterson  AFB,  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


( 


Technology  Fact  Sheet 

U.S.  Air  Force 


Carbon  Dioxide  Pellet  Cleaning 


SYNOPSIS; 

The  Carbon  Dioxide  (CO2)  Pellet  Cleaning  system  uses  solid  CO2  (dry 
ice)  pellets  to  clean  parts.  It  replaces  conventional  chemical 
solvents,  grit  blasting,  or  labor  intensive  hand  scrubbing.  The 
pellets  disintegrate  and  immediately  sublime  (vaporize)  upon 
impact,  leaving  no  residue.  The  process  removes  carbon  deposits, 
surface  rust,  soils,  rubber  sealants,  gaskets,  paint  residue  and 
much  more  on  surfaces  such  as  ceramics,  metal  alloys,  plastics,  and 
composites.  The  process  is  also  gentle  enough  to  blast  critical 
sealing  surfaces,  threaded  parts,  etc.  without  damage  to  the 
surface. 

APPLICATIONS  = 

Fielded:  -  Gas  turbine  engine  components  at  OC-ALC,  including  J79, 
J57,  TF30,  TF33,  TF41  and  auxilliary  parts 
-  Holds  for  composite  engine  components  at  GE 
Future:  -  F101,  F108,  and  F110  engine  and  auxilliary  parts 

AIR  FORCE  R&M  2QOO  GOAL  HIGHLIGHTS; 

Decrease  Manpower  Requirement:  Elimination  of  2-3  recycles  of  time  consuming  chemical  stripping 
Decrease  Costs:  Reduced  process  time  at  depot  on  engine  components 

BENEFITS/DRAWBACKS r 

The  CO2  pellet  cleaning  system  (see  picture  above)  in  place  at  Oklahoma  City  Air  Logistics  Center  (OC-ALC),  was 
funded  through  an  FY  85  Maintenance  Sponsored  Technology  (MST)  Project.  It  has  been  operated  since  November  of  1987  to 
clean  engine  components.  The  process  has  proven  to  be  faster  than  wire  wheel  buffing  or  other  hand  cleaning  methods  such 
as  scraping  with  razor  blades  and  scrubbing  with  brushes.  CO2  pellet  cleaning  removes  Room  Temperature  Vulcanizing  (RTV) 
rubber  in  blade  slots  of  the  F101  and  F110  4-9  stage  spools  in  5  minutes,  compared  to  60  minutes  required  by  the 
previously  used  plastic  hand  scraper  (see  picture  on  reverse  side).  The  pellets  are  non-toxic,  readily  producible,  and 
inexpensive.  The  process  time  currently  required  for  cleaning  gas  turbine  engine  components  decreased  substantially. 
Conversion  to  the  CO2  process  eliminated  multiple  recycles  of  chemical  cleaning,  masking  requirements  prior  to  other 
blast  cleaning  methods,  cleanup  time  after  blasting,  and  labor  intensive  wire  wheel  buffing.  The  non-abrasive  character 
of  the  CO2  pellets  means  the  engine  components  no  longer  need  masking  to  protect  the  surface  finish.  The  45  to  60 
minutes  of  masking  prior  to  the  previous  grit  blasting  on  the  TF41  has  been  (continued  on  reverse  side) 

DOCUMENTATION  = 

CO2  Cleanblast<tn),  Stock  II  4940P511944F,  Alpheus  Cleaning  Technologies,  Corp  (Proprietary);    OC-ALC/MA  Specification 
AENP  85 -006A;      TO  2-1-111;    GE  Tech  Report  for  Composite  Manufacture  Center  Technology  Modernization  Program,    Oct  1988 

(from  ASD/YZD). 
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SYNOPSIS  :  ( continued ) : 

automatic  direct  frequency  tracking  of  sound  waves  in  a  unique  cylindrical  transducer  allow  for  cleaning  rates  10  times 
faster  than  previous  cleaners,  temperature  gain  of  no  more  than  2  degrees  per  hour  to  the  part  submerged,  use  of  non 
hazardous  chemicals,  and  a  cleaner  end  product. 

BENEFITS/DRAWBACKS  (continued): 

AGMC  has  successfully  tested  the  cleaner  on  7  inch  silicon  discs,  used  in  the  manufacture  of  electronic  chips, 
effectively  removing  foreign  particles  and  oils  which  were  only  detectable  using  a  60X  power  microscope.  The  cylindrical 
cleaner's  capabilities  range  from  cleaning  flux  from  printed  wire  boards  to  gunpowder  off  H61  parts  to  milk  and  beer 
from  filler  valves.  Numerous  improvements  over  the  old  chemical  cleaning  processes  are  achieved  using  aqueous  cleaning. 
At  AGMC  it  took  more  than  24  hours  to  clean  100  gimbal  rings  the  old  way;  the  new  equipment  takes  two  hours.  The 
time  saved  reduces  labor  costs.  Additionally,  in  most  cases,  the  part  is  cleaner  than  was  possible  using  the  old 
methods.  The  use  of  biodegradable  solutions  eliminates  the  problems  with  hazardous  chemicals.  The  cost  of  detergents 
and  water  is  negligible  compared  to  the  cost  of  chemical  cleaners  like  freon  113  ($7.86  per  gallon)  and 
1,1,1-trichloroethane  ($3.80  per  gallon).  The  recovery  cost  for  freon  113  and  the  associated  cost  of  monitoring, 
transporting,  storing,  and  disposing 
of  hazardous  waste  is  eliminated. 

SA-ALC  is  required  to  clean 
nearly  500  units  of  the  fan  and 
adaptor  utilized  in  the  central  gear 
box  in  the  secondary  power  system  on 
the  F-15.  In  the  past  a  person  would 
take  an  hour  with  "picks"  to  clean 
each  unit.  The  "Cyl-sonic"  Cleaner 
cleans  four  parts  an  hour,  requiring 
an  operator  only  to  load  and  unload 
the  parts,  a  savings  of  over  400 
man-hours  a  year. 

Drawbacks  include  the  care 
required  to  control  the  processes  and 
the  required  water  conditioning. 
Experience  shows  each  part  requires 
closely  defined  and  controlled  process 
parameters  to  achieve  successful 
cleaning  results.  Water  quality  is  of 
extreme  importance.  American  Standard 
Test  Measurement  (ASTM)  reagent  grade 
Type  1  water  is  a  definite 
requirement.  The  cost  of  the 
equipment  is  also  a  consideration; 
models  are  available  ranging  in  cost 
from  around  $46,000  to  $120,000, 

depending  on  specific  cleaning  requirements.  High  quality  water  costs  approximately  30  cents  per  gallon;  a  cost  more 
than  outweighed  by  the  elimination  of  chemicals  costs.  The  current  chambers  are  only  10"  wide  by  14"  deep,  limiting  the 
size  of  parts  that  can  be  cleaned.  The  picture  above  is  an  example  of  a  fixture  for  the  end  belt  covers  for  the 
G200/G280  Gyros. 

TECHNOLOGY  CONTACTS:  USER  CONTACTS: 

AGMC/MA,  Newark  AFB, 


( 


"CLYSONIC"  CLEANER  AT  AGMC 


Office:  AGMC/MAQSE,  Newark  AFB,  OH 

(Ken  Patterson,  Project  Manager) 
AUTOVON:  580-7220 

Comm:   (614)  522-7220 

Office:  SA-ALC/MATEA,  Kelly  AFB,  TX 

(Mr  Roger  Kiker,  Mechanical  Engineer) 
AUTOVON:  945-8885 
Comm:  (512)  925-6 


Office:  AGMC/MA,  Newark  AFB,  OH 

(Mr  Lonnie  Edgell,  "Operator") 
AUTOVON:  580-7555 

Comm:  (614)  522-7555 

Office:  SA-ALC/MATPSI,  Kelly  AFB,  TX 

(Mr  John  Anglin,  Cleaning  Shop  Foreman) 
AUTOVON:  945-5749 
Comm:  (512)  925-5749 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).      Determining  the  feasibility  of  using 
this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements 
and  the  capabilities  provided  by  the  technoloqy.      For  further  information  on  the  subject 
technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the  Technology 
Transfusion  Program  are  welcomed  and  should  be  addressed  to    "TechTIP",    AFCOLR/TT, 
Wright-Patterson  AFB  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Maintenance  Free,  High  Pressure  Hydraulic  Accumulator 


SYNOPSIS; 

The  ■aintenance  free,  high  pressure  hydraulic  accuiulator  is 
distinguished  froi  the  standard  accumulator  by  its  metal  bellows 
construction  as  shown.  Development  was  spurred  by  an  AFWAl 
initiative.  Previous  accumulators  use  a  piston  that  travels  in  a 
cylindrical  housing  using  elastomer  seals  to  keep  the  gas  prechange 
and  the  hydraulic  oil  separated.  With  the  new  accumulator,  the 
metal  bellows  forms  a  chamber  which  contains  the  fluid  and 
separates  it  from  the  gas  as  a  bladder  would.  The  metal  bellows 
chamber  collapses  and  expands  (continued  on  reverse  side) 

APPLICATIONS  r 


•      (I- 


»  ■ 


Fielded: 


Current: 
Future: 


Space  Shuttle 

CH-53  and  SH-60 

KC-135 

C-130  High  Technology  Test  Bed 

F-16,  B-52,  ATF 


> 


AIR  FORCE  R&M  2QOO  GOAL  HIGHLIGHTS; 

Increase  Combat  Capability:  Estimated  that  F-16  turn  time  could  be  reduced  by  10  minutes. 
Decrease  Manpower  Requirement:  Demonstrated  10407  MMH/KR  saving  for  KC-135  Boom  accumulator. 
Decrease  Costs:  Estimated  return  on  investment  for  KC-135  refueling  boom  accumulator  of  2.1  :  1. 

BENEFITS/DRAWBACKS  = 

The  metal  bellows  accumulator  offers  several  advantages  over  the  piston  and  seal  type  accumulator.  The  all  welded 
construction  yields  maintenance  free  operation  in  the  field.  Ho  field  servicing  is  required  as  the  unit  i6  precharged 
at  the  factory.  This  combination  eliminates  all  field  overhaul  requirements.  The  KC-135  was  plagued  by  problems  with 
the  piston  type  accumulator  on  the  refueling  boom.  It  was  the  source  of  many  late  take-offs,  cancellations,  and  aborts. 
Maintenance  manhours  (MMH)  were  very  high,  driven  by  the  location  of  the  accumulator  and  high  servicing  requirements.  A 
test  program  demonstrated  a  10407  MKH/YR  saving  using  the  metal  bellows  accumulator  and  currently  all  KC-135  booms  are 
being  retrofitted  with  it  (100inV3000  PSI).  A  study  is  underway  to  look  at  replacing  the  rudder  and  reserve  brake 
system  accumulators  also.    The  metal  bellows  accumulator  has  a  wide  service  (continued  on  reverse  side) 

DOCUMENTATION ; 

Tested  to  MIL-A-8897,  MIL-STD-1540,  and  HIl-STD-810  (  vibration  and  environmental).  Technoloqy  documented  in  Air  Force 
Wright  Aeronautical  Laboratory  report  TR-81-2031.  The  technology  is  proprietary  to  the  Parker  Hannifin  Corporation  and 
"HIPRES"  is  the  registered  trademark.  Parker  Hannifin  publications  CR991,  CR1323  and  Society  of  Automotive  Engineers 
Technical  Paper  851914  provide  additional  information. 
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SYNOPSIS    (continued); 

like  an  accordian  to  wet  the  flow  demands  and  replaces  the  function  of  the  piston.  Hhile  the  seals  of  the 
piston  type  accumulator  will  eventually  allow  the  gas  precharge  to  leak  into  the  fluid,  the  hermetically, 
factory  sealed  bellows  prevents  gas  leakage.  Advancements  in  the  Mtal  bellows  technology,  such  as  improved 
fatigue  life,  new  welding  techniques,  improved  fabrication  methods,  and  advanced  quality  control  testing 
allowed  Parker  Metal  Bellows  to  develop  this  new  high  pressure  accumulator.  The  capabilities  of  the  new 
accumulator  are  the  same  as  any  accumulator  designed  to  the  requirements  of  ML-A-8897,  except  that  they  do 
not  require  gas  side  servicing.  Accumulators  capable  of  3000  PSI  have  been  tested  to  KIL-A-8897, 
KIL-STD-1540,  and  KIL-STD-810.  Lockheed  is  flight  testing  an  8000  PSI  version  on  the  C-130  High  Technology 
Test  Bed  Spoiler  System.  A  unique  feature  in  the  8000  PSI  unit  is  the  use  of  a  helium  gas  precharge,  with 
associated  performance  improvement  (ie.,  better  compressibility  characteristics  at  higher  pressures). 

BENEFITS/DRAWBACKS     (continued); 

teaperature  range  from  -85°F  to  380°F.  The  manufacturer  estimates  this  range  can  be  expanded  to  -200°F  to 
600°F  by  changing  component  materials.  It  also  can  be  operated  with  a  wide  variety  of  fluids  including  all 
hydraulic  fluids  (no  elastomer  seals),  corrosive  fluids,  and  cryogenic  fluids.  This  technology  has  been  flying 
for  8  years  on  the  space  shuttle  in  the  payload  launching  system  (  60inJ/3000  PSI).  It  has  completed  testing 
and  a  115in3/3000PSI  version  will  be  installed  shortly  in  the  booster  thrust  vectoring  control  system.  The 
unit  comes  with  a  10  year  prorated  warranty.  Normal  service  life  is  estimated  to  be  greater  than  10  years. 
In  qualification  testing  the  accumulator  was  subjected  to  the  one  million  endurance  cycles  of  MIL-A-8897  plus 
twice  the  balance  of  the  cycling  requirements  of  KIL-A-8897  with  no  performance  degradation.  Qualification 
testing  has  been  extensive  including  thermal  cycling,  shock,  acceleration,  random  vibration,  sinusoidal 
vibration,  pressure  cycling,  low  temperature  leakage,  pressure  impulse,  burst,  rupture,  and  fragmentation. 
Use  on  the  F-16  is  being  tested  to  improve  the  performance  of  the  leading  edge  flap  power  drive  unit  where  in 
the  first  6  months  of  1988  there  were  seven  in-flight  emergencies  and  four  ground  failures  on  F-16  C/Ds.  It 
has  been  estimated  that  replacing  the  piston  type  accumulators  on  the  F-16A/B  model  will  save  S20M  over  the 
next  20  years.  A  5in3/2000PSI  metal  bellows  accumulator  is  used  for  a  blade  damper  on  the  CH-53  and  SH-60 
helicopters. 

There  are  some  drawbacks  to  the  metal  bellows  accumulator.  For  retrofit  into  an  existing  system  the  form  and 
fit  requirements  can  not  always  be  net  which  may  require  modified  brackets  and  tubing.  Generally,  equivalent 
capability  metal  bellows  accumulators  are  shorter.  Of  course,  for  new  systems  this  could  be  an  advantage. 
The  initial  cost  is  about  2  to  3  tises  higher  than  the  piston  type.  The  KC-135  accumulator  cost  about  $2500. 
Because  the  accumulator  is  factory  precharged,  shipping  regulations  require  special  handling.  The  Parker 
Hannifin  Corporation  is  the  only  manufacturing  source  at  this  tine. 


TECHNOLOGY    CONTACTS: 

Office:  OC-ALC/MMI,  Tinker  AFB  OK  73145 

(Mr  Jerry  Mesander,  Mechanical  Engr) 
AUTOVON:  336-2745 
Comm:  (405)  736-2745 

Office:  AFWAL/POOS-1,  Wright-Patterson  AFB  OH  45433 

(Ms  Kristen  Schario,  Mechanical  Engr) 
AUTOVON:  785-6241 
Comm:  (513)  255-6241 


USER    CONTACTS; 

Office:  HQ  SAC/LGKE,  Offutt  AFB  HE  68113 

(Capt  Larry  Andrews,  KC-135  Action  Officer) 
AUTOVON:  271-3750 
Comm:  (402)  294-3750 

Office:  OC-ALC/MMSRE,  Tinker  AFB  OK  73145 

(Mr  Max  Mitchell,  Mechanical  Engr,  KC-135  SPM) 
AUTOVON:  336-2061 
Com:  (405)  736-2061 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFC0LR/TT).    Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.    For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  AFC0LR/TT 
Wright-Patterson  AFB,  OH    45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


New  Technology 

U.S.  Department  of  the  Interior    Bureau  of  Mines 


Preventing  Fire  Suppression  System  Failures  on 
Underground  Mine  Belt  Conveyors 


Objective 

Minimize  the  effects  of  underground  mine  conveyor 
belt  fires  by  developing  methods  to  prevent  automatic  fire 
suppression  system  failures. 

The  Problem 

Fire  protection  is  achieved  by  prevention,  early  detec- 
tion, and  planned  fire-fighting  response.  Automatic  fire 
suppression  systems  are  one  form  of  planned  fire-fighting 
response.  When  these  systems  are  properly  designed, 
installed,  and  maintained  they  can  effectively  control  fires. 

Conveyor  belt  fires  account  for  about  20%  of  under- 
ground coal  mine  fires.  Fire  protection  requirements  have 
been  established  for  underground  locations  because  of 
potential  for  start  and  spread  of  fire  and  the  restricted 
personnel  egress  in  a  fire  situation.  Belt  conveyor  systems 
are  potentially  dangerous  because  of  the  high  fire  inci- 
dence rate,  high  temperatures,  dense  smoke,  toxic  gases, 
and  rapid  flame-spread  rate.  While  investigating  the  con- 
veyor fire  suppression  problem,  the  Bureau  identified 
automatic  fire  suppression  system  reliability  as  a  poten- 
tially serious  deficiency  within  the  mining  industry. 

Table  1  lists  common  failure  modes  for  three  fire  sup- 
pression system  types.   This  table  summarizes  findings  of 


Mine  Safety  and  Health  Administration  electrical  inspec- 
tors responsible  for  inspection  of  belt  protection  automatic 
fire  suppression  systems.  Batteries,  contact  points,  control 
wires,  and  electric  servocontrols  are  all  prone  to  failure. 
Figure  1  shows  rock-dust-contaminated  relay  contact 
points.  This  condition  is  dangerous  because  of  the  chance 
of  intermittent  failures,  which  might  allow  systems  to  pass 
annual  functional  testing,  yet  fail  during  actual  fire 
emergencies. 


Table  1. -Common  fire  suppression  system  failure  modes 

System  type  Failure  modes 


Water  deluge 


Dry  chemical 


High-expansion 
foam. 


Relays  inoperative,  dead  batteries,  clogged 
water  iines,  spray  nozzles  clogged, 
moisture  in  control  box,  battery 
corrosion,  sticky  solenoid  valve, 
insufficient  or  no  water  supply,  heat 
sensorfailure,  broken  wiring,  burned  out 
belt  shutoff. 

Trigger  device  seizure,  moisture  and 
corrosion  in  control  box,  blocked  or 
broken  distribution  hoses,  caked  dry 
chemical. 

General  problems  with  compressed 
gas-powered  systems. 


\ 


\ 


Figure  1.  Rock  dust  contamination  on  contact  points  will  cause  Intermittent  failures  of  fire  suppression  systems. 
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Approach 

Two  types  of  failures  occur  on  fire  suppression 
systems-random  and  wear  out.  Examples  of  random 
failures  are  broken  wires  and  electric  component  burnout. 
Wear-out  failures  include  buildup  of  corrosion  in  contact 
points,  batteries  losing  power,  or  gradually  sticking  valves. 
Frequent  inspections  and  functional  tests  are  the  best 
methods  of  identifying  random  failures.  Wear-out  failures 
can  be  predicted  with  measurements  of  system  perfor- 
mance (predictive  diagnostics). 

The  Bureau  developed  test  devices  to  measure  system 
performance  on  fire  suppression  system  electric  control 
boxes.  These  devices  included  a  portable  oven  for  testing 
heat  sensors,  a  variable  battery  power  device  to  simulate 
battery  power  loss,  a  variable  current  source  to  effect 
voltage  drops  across  connections  and  contact  points,  and 
a  1-second  pulse  load  device  to  measure  battery  internal 
resistance.  The  parameters  measured  included  battery 
power,  contact  point  resistance,  sensor  actuation  temper- 
ature, and  system  valve  actuation  energy. 

Test  Results 

System  performance  of  six  suppression  systems  was 
measured  with  Bureau  test  devices.  Each  system  had  been 
tested  by  mine  personnel  before  the  Bureau  measurements 
and  had  passed  the  standard  go,  no-go  functional  test. 
The  Bureau  measurements  showed  two  systems  were 
experiencing  intermittent  failure  because  of  rock  dust 
contamination  of  relay  contact  points.  Another  system  was 
at  a  near-failure  condition  because  the  loaded  battery 
output  was  only  0.1  volt  above  the  voltage  needed  to  turn 
on  the  suppressant  valve. 

Because  the  tests  used  by  the  Bureau  require  some 
disassembly  of  the  systems,  and  are  time  consuming,  a 
modified  test  is  suggested.  This  modified  method,  which 
can  also  be  incorporated  into  system  design,  requires  the 
simple  addition  of  a  test  resistor  in  series  with  the  battery 
during  functional  testing  (remove  resistor  after  test).  The 


resistor  will  simulate  a  degraded  power  circuit,  and  will 
screen  out  potentially  bad  batteries,  contact  points,  wires, 
connectors,  and  suppressant  valves.  This  test  resistor 
should  be  of  the  proper  resistance  and  wattage.  A  half- 
power  test  would  require  a  resistor  to  drop  the  battery- 
resistor  voltage  to  71%  of  the  no-test  resistor  circuit. 

NOTE.-Modifications  to  circuits  of  approved  permissible 
or  intrinsically  safe  equipment  may  void  the  approval  and 
are  not  recommended.  Inspection  and  maintenance  pro- 
cedures mandated  in  the  Code  of  Federal  Regulations 
must  be  followed.  The  procedures  outlined  in  this  article 
and  in  Information  Circular  (IC)  9206  are  meant  to  sup- 
plement existing  practices,  not  to  replace  them.  The  pre- 
dictive diagnostic  approach  to  suppression  system  inspec- 
tion, if  properly  implemented,  will  identify  failed  systems 
or  impending  failures  more  effectively  than  go,  no-go 
functional  tests. 

For  More  Information 

This  research  is  described  in  U.S.  Bureau  of  Mines 
IC  9206  "Recent  Developments  in  Metal  and  Nonmetal 
Mine  Fire  Protection.  Proceedings:  Bureau  of  Mines 
Technology  Transfer  Seminars,  Denver,  CO,  October  18- 
19;  Detroit,  MI,  October  20-21;  Las  Vegas,  NV,  November 
1-2;  and  Spokane,  WA,  November  3-4,  1988."  For  a  free 
single  copy  of  this  IC,  write  to  the  Bureau's  Publication 
Distribution  Section,  P.O.  Box  18070,  Cochrans  Mill  Road, 
Pittsburgh,  PA   15236-0070. 

For  answers  to  technical  questions  or  additional  details, 
please  contact  the  Bureau's  investigators  for  this  research: 

Steven  G.  Grannes  or  Mark  A.  Ackerson 

Twin  Cities  Research  Center 

U.S.  Bureau  of  Mines 

5629  Minnehaha  Avenue  South 

Minneapolis,  MN  55417-3099 

(612-725-4532  or  612-725-4659) 


( 
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Fluid/Gas  Process  Controller 

The  "Super  Burper"  controls  fill  fluids  and  isothermality  during  manufacture  of  heat-pipe  devices. 


During  processing  of  heat-pipe  devices, 
or  after  burn-in,  if  unwanted  noncondens- 
able  gas  is  present,  purging  is  required. 
Purging  requires  dumping  the  entire  charge 
(fill)  and  then  refilling  (reprocessing),  a  very 
labor-intensive  procedure.  The  fluid/gas 
controller,  or  "Super  Burper",  was  de- 
veloped to  obtain  precise  fill  quantities  of 
working  fluid  and  noncondensable  gas  in  a 
heat  pipe  by  incorporating  a  detachable 
external  reservoir  into  the  system  during 
the  processing  stage. 

The  device  consists  of  a  flask  reservoir 
with  vacuum  connections  for  attachment 
to  a  vacuum  pump  and  to  the  heat  pipe.  A 
heat  pipe  can  be  filled  with  precise  quan- 
tities of  working  fluid  and  noncondensable 
gas,  and  the  procedure  controlled  accur- 


ately. The  temperature  and  pressure  in  the 
reservoir  are  controlled  to  perform  the  in- 
tended function.  The  required  amount  of 
working  fluid  in,  and  the  purging  of  unwant- 
ed gases  from,  a  constant-conductance 
heat  pipe,  or  the  addition  of  a  specified 
amount  of  noncondensable  gas  to  a  vari- 
able-conductance heat  pipe  can  be  con- 
trolled much  more  precisely  with  this  de- 
vice than  was  previously  possible.  By  use 
of  this  in-situ  heat-pipe-processing  device, 
the  optimum  fill  amounts  can  be  deter- 
mined while  the  heat  pipe  is  instrumented 
and  powered  to  perform  at  operating  con- 
ditions. Also,  the  controller  decreases  re- 
work time  considerably  in  the  addition  and/ 
or  removal  of  working  fluid  and/or  gas. 
The  controller  simplifies  the  task  of 


processing  any  type  of  heat  pipe  to  strin- 
gent tolerances  regarding  isothermality. 
The  controller  was  used  on  the  heat  pipe  of 
the  sideflow  radiator  panel  at  NASA  Lang- 
ley  Research  Center.  The  variation  of  tem- 
perature changed  from  12  °C,  after  initial 
charge  with  methanol  working  fluid,  to 
1  °C,  after  implementation  of  the  controller. 
The  application  of  this  device  is  best  suited 
for  high-quality,  high  performance  heat 
pipes.  To  date,  this  device  has  been  suc- 
cessfully implemented  with  various  types 
of  heat  pipes,  including  vapor  chambers, 
thermal  diodes,  large  space  radiators,  and 
sideflows. 

This  work  was  done  by  R.  Sergio 
Ramos    of  Hughes   Aircraft   Co.    for 
Langley  Research  Center. 
LAR-13955/TN 
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Hydrodynamic  Stability  and 
Frames  of  Reference 

Criteria  of  stability  are 
different  in  different 
sets  of  coordinates. 

A  report  discusses  the  dependence  of 
the  criteria  of  hydrodynamic  instability 
upon  the  frame  of  reference  used  to  ana- 
lyze the  motion  of  a  fluid.  This  theoretical 
topic  has  practical  implications  since  that 
instability  is  related  to  turbulence  and  is  the 
source  of  noise,  vibration,  and  other  de- 
structive effects  in  fluid  machinery  and 
structures  immersed  in  fluids. 

A  flow  is  considered  to  be  unstable  if  a 
small  disturbance  in  the  velocity,  pressure, 
stream  function,  or  other  characteristic 
grows  into  a  large  disturbance.  Mathemati- 
cally, the  problem  is  usually  treated  by  a 
linear  small-perturbation  analysis.  In  the 
example  of  this  study,  a  small  two-dimen- 
sional disturbance  velocity  field  is  intro- 
duced into  an  inviscid,  incompressible 
plane  shear  flow  that  is  initially  parallel  to 


two  walls  that  constitute  the  boundaries. 
The  velocity  field  is  expressed  in  both 
Eulerian  (stationary  —  in  this  case,  Carte- 
sian) and  Lagrangian  (streamline)  coordi- 
nates. 

It  is  shown  that,  in  general,  the  partial 
derivative  of  the  stream  function  with  re- 
spect to  time  is  not  the  same  in  these  two 
frames  of  reference.  The  Lagrangian  equa- 
tions of  flow  are  linearized  with  respect  to 
the  unperturbed  shear  flow,  and  a  specific 
shear  velocity  profile  is  selected.  It  is 
shown  that  analysis  of  stability  for  this  pro- 
file based  on  the  classical  Orr-Sommerfeld 
equation  in  Eulerian  coordinates  yields  the 
conclusion  that  the  flow  is  stable,  even 
though  the  analysis  based  on  the  stream 
function  in  Lagrangian  coordinates  shows 
the  flow  to  be  unstable. 


Thus,  the  use  of  the  stream  function  in  a 
criterion  for  instability  of  the  velocity  field 
can  lead  to  different  conclusions  in  differ- 
ent frames  of  reference.  The  two  conclu- 
sions do  not  necessarily  contradict  each 
other,  provided  that  one  has  a  way  of  deter- 
mining which  one  is  related  to  the  onset  of 
turbulence.  The  distinction  can  be  impor- 
tant because  the  stability  of  streamlines  is 
directly  related,  whereas  the  stability  of  the 
velocity  field  is  only  indirectly  related,  to  the 
onset  of  turbulence. 

This  work  was  done  by  MichailA.  Zak 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.    "Hydrodynamic   Stability 
and  Frames  of  Reference. " 
NPO-17740/TN 
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NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Insulated  Honeycomb 

The  flow  of  heat  through  the  honeycomb  is  reduced. 


A  proposed  insulated  honeycomb  struc- 
ture (see  figure)  would  be  similar  to  the  re- 
inforced honeycomb  structure  described  in 
the  preceding  article.  Panels  of  insulated 
honeycomb  could  be  used  to  make  sup- 
ports for  solar-energy  collectors  and  radar 
antennas. 

The  insulating  material  could  be  light- 
weight foam,  "microhoneycomb"  filled 
with  foam,  or  foam  laminated  between 
sheets,  for  example.  The  insulated  honey- 
comb would  be  made  similarly  to  rein- 
forced honeycomb.  Strips  of  insulating  ma- 
terial would  be  affixed  to  the  walls  of  the 
honeycomb  cells  prior  to  the  conventional 
steps  for  the  fabrication  of  uninsulated 
honeycomb. 

This  work  was  done  by  R.  Balakrishna 
T.  Bhat  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17539/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 1 09 
(818)  354-4849 


Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Insulating 
Material 


Low  Thermal 

Conductivity 

Across  Insulation 


Insulating  Strips  could  be  applied  to  the  walls  of  honeycomb  cells  in  single  or  double  thick- 
nesses. The  thermal  conductivity  across  each  wall  would  thus  be  reduced. 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 1 09 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


339 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Microsandwich  Honeycombs 

Fillings  of  foam  and  microspheres  can  increase  the  strengths  of  honeycomb  panels. 


In  a  new  type  of  honeycomb  panel  called 
"microsandwich  honeycomb,"  the  walls 
are  filled  with  solid  plastic  foam  reinforced 
with  microspheres.  Microsandwich  honey- 
combs can  have  compressive  and  shear 
strengths  50  to  70  percent  greater  than 
those  of  conventional,  unfilled  honey- 
combs of  comparable  dimensions  and  den- 
sities. 

Conventional  honeycomb  panels,  con- 
sisting of  metal-foii  walls  bonded  together 
in  honeycomb  patterns,  are  notoriously 
prone  to  bending  and  buckling.  The  foam 
and  hollow  microspheres  add  little  to 
weight  but  increase  strength  substantially. 
They  would  be  useful  in  aircraft,  automotive, 
and  marine  structures  in  which  high  strength 
and  low  weight  are  important. 

In  a  filled  wall  of  a  typical  microsand- 
wich honeycomb,  metal-foil  facings  en- 
close the  foam/microsphere  filling.  The  mi- 
crosandwich concept  can  be  applied  to 
only  the  "free"  walls  of  the  honeycomb 
(half  microsandwich),  to  the  free  walls  and 
double  thicknesses  on  the  nodes  (full  mi- 
crosandwich), or  to  single  thicknesses  on 
free  walls  and  nodes  (three-quarter  micro- 
sandwich) (see  figure  for  definitions). 

In  a  demonstration  of  the  effectiveness 
of  the  sandwich  structure,  a  polymeth- 
acrylamideimide  foam  was  sandwiched 
between  sheets  of  paper  and  used  for  the 
free  walls  of  a  honeycomb.  It  was  com- 
pared with  a  honeycomb  in  which  paper 
was  glued  to  the  foam  on  one  side  only  to 
eliminate  the  microsandwich  effect.  The 
paper/foam/paper  honeycomb  had  a  com- 
pressive strength  of  0.43  MPa  and  a  shear 
strength  of  0.21  MPa.  The  paper/foam 
honeycomb  was  much  weaker;  it  had  a 
compressive  strength  of  0.165  MPa  and  a 
shear  strength  of  0.12  MPa. 

A  sandwich  composed  of  metal  foil,  plas- 
tic foam  with  metal  microspheres  or  other 
foams,  and  metal  foil  would  make  honey- 
combs that  have  strengths  greater  than 
those  of  their  metallic  counterparts.  The 
sandwich  could  be  manufactured  by  feed- 
ing sheets  of  foil  from  opposing  rollers,  pour- 
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Microsandwich  Honeycombs  can  take  several  cross-sectional  forms.  A  conventional  metal- 
foil  honeycomb  is  shown  for  comparison. 


ing  foaming  constituents  and/or  micro- 
spheres into  the  narrow  void  between  the 
sheets,  and  rolling  the  sheets  together. 

This  work  was  done  by  Balakrishna 
Bhat,  Tim  O'Donnell,  and  Taylor  Wang  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17595/TN. 
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Reinforced  Honeycomb  Panels 

Lightweight  reinforcement  applied  during  fabrication  helps  panels  resist  buckling  and  bending. 


A  new  honeycomb  panel  structure  has 
increased  strength  and  stiffness  with  little 
increase  in  weight.  In  the  new  structure, 
some  or  all  of  the  walls  of  the  honeycomb 
cells  are  reinforced  with  honeycomb  pan- 
els that  have  smaller  cells,  lightweight 
foam,  or  other  reinforcing  material  (see  fig- 
ure). 

The  reinforced  honeycomb  is  made,  for 
the  most  part,  by  conventional  fabrication 
techniques.  However,  strips  of  the  reinforc- 
ing material  are  first  bonded  to  the  strips  of 
the  wall  material  to  form  reinforced  cell- 
wall  panels.  The  panels  are  then  incorpor- 
ated into  the  honeycomb  structure  by  the 
usual  adhesive-joining,  pressing,  and  cell- 
opening  operations. 

An  experimental  version  of  the  rein- 
forced foam  had  50  percent  more  com- 
pressive strength,  50  percent  more  shear 
strength  along  one  axis,  and  30  percent 
more  shear  strength  along  another  axis 
than  did  the  unreinforced  version,  with  no 
increase  in  weight.  The  strong,  lightweight 
reinforced  panels  could  be  used  in  aircraft, 
car  and  truck  bodies,  cabinets  for  equip- 
ment and  appliances,  and  buildings. 

777/s  work  was  done  by  Balakrishna  T. 
Bhat,    Wesley  Akutagawa,    Taylor   G. 
Wang,  and  Dan  Barber  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17538/TN 
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Honeycomb  Cells  can  be  partially  or  fully  reinforced  with  lightweight  foam.  The  reinforce- 
ment adds  little  to  the  weight  of  a  honeycomb  panel. 
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Unpressurized  Container  for  Cryogenic  Testing 


Samples  do  not  have  to  be  sealed  in  the  vessel. 


A  nonpressurized  cryostat  makes  the 
mechanical  testing  of  materials  at  low  tem- 
peratures more  convenient.  The  cryostat 
maintains  specimens  at  temperatures  of 
-400  to  -450  °F  (33  to  5.4  K)  without 
sealing  them  in  a  gastight,  vacuum-insu- 
lated container.  It  is  relatively  easy  to  insert 
and  remove  specimens  and  to  attach  in- 
strumentation wiring  to  them.  In  addition, 
because  the  cryostat  vessel  is  covered 
only  loosely,  it  vents  vapor  continuously. 
There  is  no  danger  of  buildup  of  internal 
pressure  from  evaporating  cryogenic  liq- 
uid. Safety  procedures,  test  equipment, 
and  test  facilities  are  therefore  simpler 
than  in  older  testing  systems  that  depend 
on  sealed  and  vented  containers. 

The  cryostat  includes  two  concentric 
chambers  with  stainless-steel  walls  and  fi- 
ber insulation  (see  figure).  The  outer  cham- 
ber holds  liquid  nitrogen.  The  inner  cham- 
ber, which  holds  liquid  helium  and  the  test 
specimen,  rests  on  spacers  so  that  the  liq- 
uid nitrogen  extends  under  its  bottom  as 
well  as  along  its  sidewalk  A  stem  that  lies 
along  the  axis  of  the  chambers  applies  me- 
chanical loads  to  specimens. 

A  specimen  is  mounted  in  the  inner 
chamber,  and  such  instruments  as  exten- 
someters  and  thermocouples  are  attached 
to  it.  To  precool  the  apparatus,  liquid  nitro- 
gen is  poured  into  the  inner  chamber  as 
well  as  the  outer  one.  The  nitrogen  in  the 
outer  chamber  is  replenished  as  needed  to 
keep  it  two-thirds  to  three-fourths  full.  The 
liquid  nitrogen  in  the  inner  chamber  is  al- 
lowed to  boil  off  until  its  surface  drops  be- 
low the  level  of  the  specimen  holder. 

A  loose  lid  of  polystyrene  foam  or  other 
suitable  material  is  placed  over  the  vessel. 
A  hole  in  the  lid  provides  access  for  the 
stinger  of  a  vacuum-insulated  helium- 
transfer  line  and  for  the  instrumentation  of 
the  specimen,  which  must  extend  above 
the  top  of  the  cryostat.  The  liquid  helium  is 
fed  into  the  inner  chamber  until  the  speci- 
men is  submerged.  The  liquid  nitrogen  re- 
maining in  the  inner  chamber  freezes, 
forming  an  insulating  layer  on  the  bottom. 
The  test  is  conducted,  and  the  specimen  is 
removed. 
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The  Outer  Chamber  Contains  Liquid  or  Solid  Nitrogen,  which  surrounds  the  bottom  and  side 
of  the  inner  chamber.  Although  fiber  Insulation  Is  used,  the  spaces  between  the  stainless- 
steel  walls  could  be  evacuated  for  more  effective  insulation,  if  necessary.  Dimensions  are  in 
inches  and  are  not  critical. 


When  several  tests  are  performed  in 
quick  succession,  the  preceding  step  has 
to  be  done  only  once.  Smaller  quantities  of 
cryogenic  liquids  are  therefore  used  than 
in  a  series  of  tests  at  long  intervals. 

This  work  was  done  by  Susan  B.  Walker 
of  United  Technologies  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 


mentation is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to 
MFS-28347/TN. 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 


SPITS,  A  Self-Propelled  In-Tube  Shuttle 


At  Fermilab,  SPITS  is  being  used  to  measure  the  magnetic  field  inside  the  60-ft-long  mag- 
nets under  development  for  the  Superconducting  Super  Collider.  The  transport  device,  or 
shuttle,  moves  a  magnetic  gauge  along  the  beam-tube  length  at  up  to  3-in.  intervals  while  the 
on-line  data  acquisition  system  simultaneously  measures  the  vertical  field  alignment.  The 
axial  and  rotational  alignment  of  the  gauge  is  monitored  and  recorded  as  the  gauge  proceeds. 
Measurements  are  read  directly  into  a  computer  for  instant  processing.  The  entire  system  is 
extremely  compact. 

ORTA  envisions  a  range  of  uses  for  the  shuttle  in  applications  such  as  pipe  inspection  and 
cable  installation. 


FOR  ADDITIONAL  INFORMATION:  Office  of  Research  and  Technology  Applications,  Fermi  National 
Accelerator  Laboratory,  P.O.  Box  500,  MS  208,  Batavia,  IL  60510;  (312)840-3333.     Refer  to 
FAA-548/TN. 
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Optical  Measurement  of  Sound  Pressure 

A  noninvasive  technique  does  not  disturb  the  field  it  measures. 


An  optical  technique  can  be  used  to 
measure  acoustic  pressure  without  direct 
contact.  The  technique  is  especially  val- 
uable where  it  is  necessary  to  measure  in  a 
remote,  inaccessible,  or  hostile  environ- 
ment or  to  avoid  perturbation  of  the  meas- 
ured region.  In  the  original  application,  the 
technique  was  used  to  measure  the  acous- 
tic pressure  around  a  sphere  acoustically 
levitated  in  a  furnace.  Because  the  meas- 
urements are  almost  instantaneous,  the 
technique  can  be  employed  to  generate 
feedback  control  signals  for  acoustic  levi- 
tators,  for  example. 


A  laser  beam  is  directed  at  the  region  of 
high  acoustic  pressure  to  be  measured. 
The  sound  causes  rapid  alternations  of  den- 
sity and,  therefore,  of  the  index  of  refrac- 
tion, and  the  alternations  in  turn  produce 
oscillatory  deflections  of  the  beam.  The  de- 
flection is  proportional  to  the  acoustic  pres- 
sure. The  laser  beam  has  a  negligible  influ- 
ence on  the  acoustic  field. 

After  passing  through  the  region  of  in- 
terest, the  beam  is  focused  onto  a  knife 
edge,  as  in  a  schlieren  system  (see  figure). 
The  knife  edge  is  adjusted  to  intercept  all  or 
part  of  the  undeflected  beam  so  that  the 


portion  that  passes  the  edge  and  falls  on  a 
photodetector  varies  with  the  deflection. 
Thus,  the  greater  the  acoustic  pressure 
and  the  deflection  of  the  beam,  the  greater 
the  intensity  of  the  deflected  beam  and  the 
amplitude  of  the  output  of  the  photodetec- 
tor. A  detailed  map  of  the  pressure  field  can 
be  obtained  by  scanning  the  field  in  three 
orthogonal  directions. 

This  work  was  done  by  Eugene  H. 
Trinh,  Mark  Gaspar,  and  Emily  W.  Leung 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NP0-17565/TN 
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The  Sound  Field  Deflects  the  laser  beam  proportionally  to  its  amplitude.  A  knife  edge  intercepts  the  undeflected  beam,  allowing  only  the  de- 
flected beam  to  reach  a  photodetector.  The  apparatus  is  calibrated  by  comparing  the  output  of  the  photodetector  with  that  of  a  microphone. 
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Synchronizing  Photography  for  High-Speed-Engine  Research 

Light  flashes  when  a  shaft  reaches  a  predetermined  angle. 


A  synchronization  system  facilitates  the 
visualization  of  flow  in  high-speed  internal- 
combustion  engines.  Designed  for  cine- 


matography and  holographic  interferome- 
try,  the  system  synchronizes  a  camera  and 
a  light  source  with  a  predetermined  rota- 


tional angle  of  an  engine  shaft.  A  10-bit  res- 
olution of  an  absolute  optical  shaft  encoder 
has  been  adapted,  and  210combinations  of 
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This  Synchronizing  Circuit  tracks  the  waveform  of  the  signal  vc  from  the  inductive  magnetic  film-frame-position  sensor  of  a  high-speed  movie 
camera.  The  phase-compensated  and  amplified  output  of  the  peak  detector  causes  the  comparator  to  generate  a  pulse  transition  when  it 
breaks  from  vc  at  the  negative  peak.  This  transition  is  processed  through  the  N  AND  gate  to  provide  the  trigger  signals  for  the  laser  at  the  neg- 
ative peak. 
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10-bit  binary  data  have  been  computed  to 
the  corresponding  angle  values.  The  pre- 
computed  angle  values  are  programmed 
into  EPROM's  (erasable  programmable 
read-only  memories)  to  use  as  an  angle 
lookup  table.  It  can  resolve  this  shaft  angle 
to  within  0.35°  at  rotational  speeds  up  to 
73,240  revolutions  per  minute. 

To  achieve  the  required  fast  response, 
the  system  compares  in-parallel  bits  put 
out  by  an  optical  shaft-angle  encoder  with 
the  preceded  10-bit  address  data  that  point 
to  an  angle  in  the  angle  lookup  table.  When 
it  finds  a  match,  it  decides  that  the  shaft  is 
in  the  proper  position  and  generates  a  trig- 
ger pulse  to  activate  the  light  source  and 
the  camera.  The  method  eliminates  on-line 
angle  computation  and  numerical  compar- 
ison processes  that  have  been  obstacles 
to  high-speed  capability. 

To  obtain  instant  ("snapshot")  photo- 
graphs with  a  low-speed  movie  camera,  it 
is  necessary  to  synchronize  the  light 
source  with  a  shaft  angle  at  which  an  event 
of  interest  is  expected.  The  synchronizing 
system  sends  a  trigger  pulse  to  a  laser 


each  time  the  shaft  passes  the  preset  posi- 
tion (which  is  adjustable  between  0°  and 
720°).  The  laser  illuminates  the  trans- 
parent experimental  combustion  chamber. 
The  film  in  the  camera  is  thus  exposed  at  a 
precise  angle  of  the  engine  cycle. 

The  synchronizing  system  can  also  be 
used  with  a  high-speed  movie  camera  that 
makes  a  continuous  record  of  combustion 
processes  and  does  not  have  to  be  syn- 
chronized with  the  engine  cycle.  In  this 
case,  a  negative  peak  voltage  in  the  output 
of  an  inductive  magnetic  sensor  indicates 
the  alignment  of  the  film  frame  with  the 
aperture  of  the  camera  and  serves  as  the 
raw  timing  signal  for  the  laser. 

Because  the  magnitude  of  the  peaks 
varies  with  the  running  speed  of  the  cam- 
era, the  use  of  a  fixed  trigger  level  to  detect 
a  negative  peak  would  give  correct  syn- 
chronization at  only  one  running  speed.  To 
compensate  for  this  effect,  the  system 
uses  a  dynamic  peak-tracking  method.  A 
negative-peak  detector  tracks  the  output  of 
the  magnetic  sensor  and  retains  the  peak 
value  (see  figure).  The  output  of  the  sensor 


and  the  output  of  the  detector  remain  su- 
perimposed until  the  peak  is  reached.  Both 
signals  are  applied  to  a  comparator,  that 
produces  a  pulse  transition  at  the  negative 
peak.  The  output  of  another  comparator 
also  contains  pulse  transitions  when  the 
output  of  the  sensor  passes  through  a  pre- 
set peak-track  range  threshold.  The  output 
of  the  peak-sensing  comparator  is  applied 
to  a  NAND  gate  with  the  range  threshold- 
passing  pulses  to  extract  the  peak  pulse, 
which  is  used  to  generate  a  laser-trigger 
pulse. 

This  work  was  done  by  K.  S.  Chun  of 
Lewis  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-89902 
[N87-23902],  Price  Code:  A02  "Synchro- 
nizing Trigger  Control  System  for  Flow 
Visualization. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14713/TN 
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Tunnel-Effect  Displacement  Sensor 

This  simple  device  is  extremely  sensitive  to  small  displacements. 


The  tunnel  position  sensor  is  a  simple 
device  that  measures  small  displacements 
or  accelerations.  Tunnel  position  sensors 
could  be  used  to  make  compact,  sensitive 
accelerometers  or  strain  gauges  or  to 
measure  the  impacts  of  particles. 

The  device  was  inspired  in  part  by  re- 
cent advances  in  scanning  tunneling  mi- 
croscopy, in  which  resolution  as  fine  as  1  A 
has  been  attained.  The  essential  elements 
are  two  electrodes  in  proximity  to  each 
other.  One  of  the  electrodes  is  mounted  on 
a  piezoelectric  cantilever,  which  is  used  to 
make  fine  adjustments  of  the  gap  between 
the  electrodes  (see  figure). 

A  voltage  is  applied  between  the  elec- 
trodes. If  the  electrodes  are  so  close  that 
the  electron  probability-density  waves  in 
them  overlap,  then  an  electrical  current 
flows  between  them  by  the  quantum-me- 
chanical tunneling  effect.  The  magnitude 
of  this  tunneling  current  is  extremely  sen- 
sitive to  the  distance  between  the  elec- 
trodes, and  the  variation  of  the  current  can 
therefore  be  used  to  measure  small  dis- 
placements of  the  electrodes  relative  to 
each  other. 

Tunnel  current  typically  varies  by  one 
order-of-magnitude  per  Angstrom  of  elec- 
trode-separation change.  The  incorporation 
of  electron  tunneling  into  accelerometer 
technology  provides  a  potential  increase  in 
sensitivity  by  several  orders  of  magnitude. 
This  improvement  in  sensitivity  may  be  used 
to  provide  enhanced  system  sensitivity,  dy- 
namic range,  or  bandwidth.  Devices  based 
on  tunnel  position  detection  will  have  appli- 
cation as  sensitive  sensors  for  acceleration, 
force,  and  strain. 

A  proof-of-concept  electron  tunnel  accel- 
erometer has  been  fabricated  for  testing 
the  basic  principles  of  this  new  technology. 
The  prototype  device  shows  acceleration 
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In  the  Tunnel  Position  Sensor  (more  precisely,  a  displacement  sensor),  the  variation  in  dis- 
tance between  two  electrodes  is  measured  via  the  variation  in  tunneling  current  between 
them. 


sensitivity  of  10  micro-g/  (Hz),/2  with  a  3-kHz 
bandwidth.  Fully  integrated  tunnel  micro- 
sensors  may  be  fabricated  together  with 
microelectronics  in  a  monolithic  Si  pack- 
age. Tunnel  microsensors  would  provide 
versatility  for  application  as  accelerome- 
ters, force  sensors,  strain  sensors,  particle 
detectors,  and  other  devices  for  space  ap- 
plications. 

This  work  was  done  by  William  J. 
Kaiser  and  Steven  B.  Waltman  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-51 7, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17362/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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oEPA        Project  Summary 


An  Evaluation  of  Trend  Detection  Techniques  for  Use  in 
Water  Quality  Monitoring  Programs 


Introduction 

One  of  the  major  goals  of  the  Acid 
Precipitation  Act  of  1980  (PL  96-294,  Title 
VII)  is  the  evaluation  of  the  environmental 
effects  of  acid  precipitation.  To  accom- 
plish this  purpose,  we  must  be  able  to 
detect  trends  in  water  quality  related  to 
acid  precipitation  and  understand  the 
nature  of  these  trends. 

In  this  report,  the  authors  examine  the 
statistical  characteristics  of  the  water 
quality  variables  most  pertinent  to  acidi- 
fication (ANC,  pH,  and  S042-)  and  use 
these  characteristics  to  estimate  the  abil- 
ity of  seven  statistical  tests  to  detect  tem- 
poral trends  of  varying  magnitudes.  The 
report  focuses  strictly  on  populations  of 
lakes  and  streams  sensitive  to  acidifica- 
tion. It  is  concerned  only  with  detecting 
trends  over  time  and  does  not  deal 
directly  with  cause  and  effect. 

Trend  Detection  Tests— 
Description  and  Evaluation 

The  goal  most  relevant  to  detecting 
long-term  trends  is  the  estimation  of 
regional  trends  in  surface  water  acidifica- 
tion or  recovery  Further  refinement  of 
this  goal  into  a  statistically  meaningful 
statement  around  which  a  statistically 
sound  monitoring  system  can  be  de- 
signed is  required.  This  refinement  in- 
volves stating  the  goal  as  a  hypothesis 
that  can  be  tested  using  the  data  as  they 
are  collected.  The  null  hypothesis  can  be 
stated  as:  there  are  no  long-term  regional 
trends  in  the  acidification  or  recovery  of 
surface  waters.  The  alternate  hypothesis 
is  that  a  trend  exists. 

The  available  tests  for  this  null  hypoth- 
esis were  evaluated  using  a  univariate 
time  series  approach.  The  single  variable 
can  be  the  concentration  of  a  water 
quality  constituent,  the  ratio  of  concen- 
trations of  two  constituents,  or  the 
weighted  average  of  concentrations  over 
a  group  of  lakes  or  streams. 

Statistical  characteristics  of  concern 
are  distribution  shape  (normality  versus 
non-normality),  seasonal  variation,  and 
serial  correlation.  There  was  no  attempt 
to  incorporate  the  effects  of  hydrologic 


variables  such  as  rainfall  or  acidic  depo- 
sition into  recommended  trend  analysis 
procedures,  although  the  usefulness  of 
doing  so  is  discussed. 

In  order  to  select  statistical  tests  that 
are  well  matched  to  both  the  goals  and 
anticipated  data  attributes,  background 
data  from  several  sources  were  studied. 
Data  sources  included  the  U.S.  EPA's 
Long-term  Monitoring  (LTM)  data  set, 
data  from  Environment  Canada  for 
Clearwater  Lake,  Ontario,  and  data  from 
the  U.S.  Bureau  of  Reclamation  for  Twin 
Lakes,  Colorado.  From  these  data,  gener- 
alizations were  made  regarding  the  level 
of  seasonal  behavior,  serial  correlation, 
and  non-normality  to  be  anticipated. 

Seven  candidate  tests  for  trend  detec- 
tion, including  parametric  and  nonpara- 
metric  approaches,  were  selected  for 
evaluation.  Several  options  for  dealing 
with  seasonality  were  included,  and  one 
test  included  a  correction  for  serial  corre- 
lation. The  candidate  trend  tests  were  as 
follows: 

•  Analysis  of  covariance  (ANOCOV) 

•  Modified  "t" 

•  Kendall-tau,  following  removal  of  sea- 
son means 

•  Seasonal   Kendall  with   serial  correla- 
tion correction 

•  Seasonal  Kendall 

•  ANOCOV  on  ranks 

•  Modified  "t"  on  ranks 

The  candidate  tests  were  evaluated  by 
comparing  their  performances  under  a 
Monte  Carlo  simulation  study  designed  to 
reproduce  the  anticipated  data  character- 
istics. The  performance  indices  were  (1) 
actual  significance  level  and  (2)  power  of 
trend  detection.  Based  on  Monte  Carlo 
results,  a  single  trend  test  was  selected 
for  annual  data  and  two  tests  are  recom- 
mended for  seasonal  data. 

Recommendations 

For  annual  sampling,  the  recom- 
mended test  is  the  Kendall-tau,  also 
called  the  Mann-Kendall  test  for  trend 
The  Mann-Kendall  test  is  nonparametric 
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and  is  a  member  of  the  class  of  tests 
called  rank  correlation  methods,  meaning 
that  the  test  checks  for  a  correlation 
between  the  ranks  of  data  and  time.  The 
test  does  not  account  for  seasonal 
variation.  Since,  however,  it  is  recom- 
mended for  use  with  annual  data  only,  no 
prior  removal  of  seasonal  means  is 
necessary. 

For  seasonal  (generally  quarterly)  sam- 
pling, two  alternative  tests  are  recom- 
mended: (1)  analysis  of  covariance 
(ANOCOV)  on  ranks  or  (2)  the  Seasonal 
Kendall  test.  Both  tests  are  non- 
parametric  and  both  tests  performed  very 
well  under  most  of  the  conditions  studied 
in  the  Monte  Carlo  analysis  (i.e.,  seasonal 
variation  and  both  non-normal  and  log- 
normal  error). 

Justification  of 
Recommendations 

The  approach  taken  to  compare  alter- 
nate trend  tests  was  to  conduct  a 
simulation  of  water  quality  variables 
under  varying  trend  magnitudes  and  as- 
sumed behavioral  characteristics.  Rec- 
ommendations were  formulated  based  on 
a  comparison  of  empirical  significance 
levels  and  power  of  candidate  tests. 

Comparison  of  trend  testing  methods 
was  achieved  through  Monte  Carlo 
testing.  In  a  Monte  Carlo  evaluation,  the 
significance  level  of  a  test  is  determined 
by  generating  a  large  number  of  se- 
quences of  data  with  known  character- 
istics and  no  trend.  The  test  is  applied  to 
each  sequence  with  the  significance  level 
being  the  fraction  of  trials  in  which  a 
trend  is  falsely  detected.  The  power  of  a 
given  test  is  determined  the  same  way, 
except  that  a  trend  of  known  magnitude 
is  added  to  each  synthetic  data  se- 
quence. The  power  is  then  the  fraction  of 
sequences  in  which  the  trend  is  correctly 
detected. 

A  total  of  3,024  simulations  were 
conducted  covering  different  ranges  of 
seasonality,  trend  magnitude,  underlying 
distribution,  and  serial  correlation.  Results 
showed  that  the  most  powerful  tests  over 
the  range  of  conditions  studied  were  the 
Seasonal  Kendall  test  and  ANOCOV  on 
ranks,  although  as  expected,  no  single 
test  performed  best  under  all  conditions. 
Both  of  these  tests  performed  as  well  as 
the  parametric  tests,  when  the  data  were 
normal,  and  both  outperformed  (were 
more  powerful  than)  the  parametric  tests 
when  the  underlying  distribution  was  log- 
normal.  In  a  few  cases,  the  Kendall-tau 
on  deseasonalized  data  was  more  power- 
ful, but  it  did  not  generally  preserve  the 
nominal  significance  level  as  well  as  the 
other  tests.  The  modified  "t"  -  test  on 
ranks  performed  well,  but  was  in  most 
cases    slightly    less    powerful    than 


ANOCOV  on  ranks.  All  tests,  except  the 
corrected  Seasonal  Kendall,  suffered 
from  inflated  significance  levels  under 
serial  correlation.  The  corrected  test, 
however,  was  much  less  powerful  than 
the  other  tests,  except  for  very  large 
trend  magnitudes  and/or  long  data 
records. 


Expected  Performance  of 
Monitoring-Power  of  Trend 
Detection 

The  actual  ability  of  monitoring  and 
data  analysis  to  detect  trends  in  water 
quality  depends  upon  data  charac- 
teristics, especially  temporal  variance, 
and  upon  the  shape  or  functional  form 
and  magnitude  of  the  trend  that  actually 
occurs.  Thus  trend  detection  powers 
cannot  really  be  predicted  in  advance.  It 
is  informative,  however,  to  assume  a 
reasonable  set  of  data  characteristics  and 
trend  characteristics  and  then  to  calculate 
detectable  trend  magnitudes  over  various 
time  horizons.  The  adequacy  of  a  pro- 
posed monitoring  network  design  can 
thus  be  evaluated  in  objective  terms. 

Theoretical  curves  depicting  the  power 
of  trend  detection  for  individual  systems 
versus  time  for  quarterly  and  annual 
sampling  were  constructed  and  com- 
pared to  simulation  results.  Comparable 
curves  were  developed  for  multiple  lakes 
for  the  problem  of  detecting  changes  in 
regional  means.  The  Kendall  and 
ANOCOV  tests  were  also  applied  to 
historical  data  from  Clearwater  Lake, 
Ontario,  and  Twin  Lakes,  Colorado. 


Specialized  Procedures 

Specialized  techniques,  in  which  the 
interrelationships  among  multiple  water 
quality  variables  and/or  local  watershed 
conditions  are  considered,  are  likely  to  be 
more  powerful  for  detecting  trends. 
These  techniques  include  adjustment  for 
hydrologic  factors,  such  as  stream  flow 
and  precipitation,  use  of  water  quality 
indices,  multivariate  trend  tests,  and 
analysis  of  water  quality  or  watershed 
model  output.  Possible  implementation  of 
these  techniques  is  discussed  in  the 
report. 
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J.  C.  Loflis,  R.  C.  Ward,  R.  D.  Phillips,  and  C.  H.  Taylor  are  with  Colorado  Slate 

University,  Fort  Collins,  CO  80523. 
D.  H.  Landers  is  the  EPA  Project  Officer  (see  below). 

The  complete  report,  entitled  "An  Evaluation  of  Trend  Detection  Techniques  lor 
Use  in  Water  Quality  Monitoring  Programs."  (Order  No.  PB  90-100  058/ AS;  Cost: 
$21.95,  subject  to  change)  will  be  available  only  from: 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield,  V A  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 
Environmental  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Corvallis.  OR  97333 


Manufacturing,  Machinery  & 
Tools 


0348  Composites  Workstation 

0349  Thermoplastic  Injection  Molding  Capability 

0350  Cutting  Symmetrical  Recesses  in  Soft  Ceramic  Tiles — A  tool  makes 
smooth,  rounded  holes  while  protecting  electrical  leads. 

0351  Making  Nozzles  From  Hard  Materials — Electrical-discharge  machining 
forms  interior  and  exterior  contours  and  internal  channels.  (Licensing 
Opportunity) 

0352  Shutter  for  VPPA-Welding  Vision  System — Optical  input  would  be 
regulated  according  to  welding  current. 

0353  Tool  Distributes  Clamping  Load — Legs  can  be  adjusted  for  contact  with 
irregular  surfaces. 


0354     Tooling  for  Robotic  Welder — A  robot  can  obtain  a  welding  tool  and  a 
position  reference  quickly  and  automatically. 


Other  Items  of  Interest 

0333     Carbon  Dioxide  Pellet  Cleaning 

0335     Maintenance  Free,  High  Pressure  Hydraulic  Accumulator 

0337     Fluid/Gas  Process  Controller— The  "Super  Burper"  controls  fill  fluids  and 
isothermality  during  manufacture  of  heat-pipe  devices. 


Navy  Manufacturing  Technology 

Automated  Manufacturing  Research  Facility 

National  Institute  of  Standards  &  Technology 

Formerly  the  National  Bureau  of  Standards  (NBS) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Composites  Workstation 


The  increasing  use  of  composite 
materials  in  Navy  platforms  has  led 
researchers  in  the  AMRF  to  extend 
their  work  to  those  materials.  Work- 
ing with  industry  and  university  re- 
searchers and  with  one  of  the  newly 
founded  NIST  Manufacturing  Tech- 
nology Centers  (MTC),  AMRF  re- 
searchers are  developing  an  ad- 
vanced manufacturing  workstation  to 
fabricate  composite  parts.  Initial  re- 
search at  this  Composites  Worksta- 
tion will  focus  on  automated  compos- 
ite fiber  placement  using  robotic  sys- 
tems. 

The  architectural,  control,  and  in- 
formation handling  principles  devel- 
oped in  the  AMRF  and  tested  in  metal- 
working  applications  on  the  shop  floor 
will  now  be  tested  for  a  broader  range 
of  processes. 

Research  at  the  Composites  Work- 
station will  begin  as  a  joint  program 
involving  the  Center  for  Manufactur- 
ing Engineering's  Robot  Systems  and 
Automated  Production  Technology 
Divisions,  the  Institute  for  Materials 
Science  and  Engineering's  Polymers 
Division,  the  North  East  MTC  oper- 
ated by  Rensselaer  Polytechnic  Insti- 
tute, Automated  Dynamics  Corpora- 
tion, and  SRI  International. 

Two  technologies  previously  devel- 
oped at  the  AMRF  will  serve  as  major 
resources  for  this  work.  CAD  (com- 
puter aided  design)-based  off-line 
programming,  originally  developed  at 
the  AMRF's  Cleaning  and  Deburring 
Workstation,  will  be  used  to  automati- 
cally generate  robot  trajectories,  and 
the  NIST  Real-time  Control  System 
(RCS),  a  foundation  of  the  AMRF,  will 
be  used  for  sensor-based  control. 

Conventional  filament  winding 
technology  requires  that  parts  be 


symmetric  about  an  axis  of  revolution. 
At  this  new  workstation,  a  special  end- 
effector  mounted  on  the  robot  will 
place  composite  fibers  fed  from  a 
spool  on  a  mandrel.  The  mandrel  will 
represent  the  shape  of  the  final  part 
and  may  be  stationary  or  have  one  or 
two  servoed  axes.  The  placement  of 
the  fibers  will  be  determined  from  part 
geometry  and  the  part's  structural 
design.  Use  of  this  fiber  placement 
technology  will  allow  the  fabrication  of 
complex  parts. 

At  the  AMRF's  Cleaning  and  Debur- 
ring Workstation,  the  CAD-based  off- 
line programming  approach  used  part 
CAD  data  and  a  knowledge  of  the 
workstation  layout  to  automatically 
generate  robot  trajectories  for  debur- 
ring and  part  handling.  A  similar  ap- 
proach based  on  composite  part  ge- 
ometry and  the  required  fiber  place- 
ment orientations  will  be  used  at  the 
Composites  Workstation  to  automati- 
cally generate  the  robot  and  mandrel 
motions.  Researchers  believe  that 
having  a  mandrel  with  one  or  two  axes 
of  motions  which  can  be  coordinated 
with  the  movement  of  the  robot  will 
permit  not  only  the  fabrication  of  more 
complex  parts  but  also  the  simplifica- 
tion of  end-of-arm  tooling.  To  provide 
this  coordinated  movement,  the  RCS 
will  be  used  to  control  both  the  robot 
and  the  mandrel. 

Machine  vision  and  fiber  tension 
measurement  sensors  will  be  used  to 
monitor  and  adjust  fiber  placement. 
An  important  feature  of  the  RCS  is  that 
real-time  modification  of  robot  and 
mandrel  motions  can  be  made  based 
on  sensor  data. 

Fabrication  of  parts  made  from  both 
thermoset  materials,  which  require 
autoclave  curing  to  bond,  and  thermo- 
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plastic  materials,  which  can  be 
"welded''  in  place  as  fibers  are  posi- 
tioned, will  be  studied.  General  areas 
of  research  related  to  this  work  will  be 
control  of  torch  parameters  during 
thermoplastic  welding,  process  moni- 
toring of  autoclave  curing  of  thermo- 
set  materials,  inspection  techniques 
for  verification  of  proper  fiber  place- 
ment, and  NDE  techniques  for  evalu- 
ation of  part  consolidation.  Other  work 


will  be  done  on  determination  and 
repair  of  damage  in  composite  struc- 
tures. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Roger  Kilmer 

AMRF  Project 

Building  220— Room  B-127 

National  Institute  of  Standards  &  Technology 

Gaithersburg,  MD  20899 

(301)975-3422 


Technology  Fact  Sheet 

U.S.  Air  Force 


Thermoplastic  Injection  Molding  Capability 


SYNOPSIS: 

This  in-house  capability  recently  became  operational  at  the 
Sacramento  Air  Logistics  Center  (SM-ALC)  under  Producibility, 
Reliability,  Availability,  Maintainability  (PRAM)  project  08785-01. 
The  Advanced  Composites  Program  Office  (ACPO)  at  SM-ALC  can 
now  design  and  mold  large  replacement  thermoplastic  injection 
molded  non-structural  aircraft  parts.  Structural  analysis  is  done 
via  a  resident  CAD-CAN  system.  This  same  CAD-CAM  system  can  also 
be  used  to  design  the  molds  for  the  parts.  It  is  a  complete  "art 
to  part"  system.  The  injection  molding  machine  can  mold  parts  up 
to  20  lbs  with  engineering  plastics  like  polyetheretherketone 
(PEEK)  or  polyphenelenesulfide  (PPS)  and  can  exert  pressures  up  to 
1,500  tons.  Ogden  Air  Logistics  Center  (00-ALC)  has  a  smaller 
machine  which  has  a  clamping  force  of  up  to  300  tons  and  can  mold 
parts  weighing  up  to  32oz. 

APPLICATIONS : 

Current:  600  gallon  Fuel  Tank  Fin  for  F- 111  and  the  A-10 
Future:  ALE-40  Chaff  Flare  Dispenser  Box 

AIR  FORCE  R&M  2000  GOAL  HIGHLIGHTS: 

Increase  Combat  Capability:  Lightweight,  Corrosion  resistant  replacement  parts 
Decrease  Costs:  PRAM  projects  savings  of  S23M  over  five  years 

BENEFITS/ DRAWBACKS: 

The  main  benefits  of  this  technological  capability  is  the  overall  cost  savings  from  efficient  manufacturing  of 
thermoplastic  parts  in-house  as  compared  to  procuring  traditional  aluminum  alloy  parts.  Thermoplastics  are  corrosion 
resistant,  lightweight,  and  resistant  to  moisture  degradation.  Molded  parts  can  be  coated  to  be  electrically  conductive 
or  non  conductive.  The  CAD  system  can  design  not  only  the  thermoplastic  part,  but  also  the  mold.  This  provides 
opportunity  to  take  advantage  of  the  specific  material  properties  (continued  on  reverse  side) 

DOCUMENTATION : 

a.  Plastics:  Thermoplastics  and  Thermosets,  8th  Edition;  Desk  Top  Data  Bank;  Published  by  International  Plastics 
Selector,  Inc.;  1986 

b.  Handbook  of  Thermoplastics;  Edited  by  Sidney  Goodman;  Published  by  Noyes  Publications;  1986 

c.  The  Air  Force  Advanced  Conposites  Activity  Report;  Pulished  by  the  ACPO,  SM  ALC/MMEP 


SM-ALC  Injection  Mold  Facility 
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BENEFITS/DRAWBACKS  (continued); 

(ex.,  blow  and  cooling  rates)  of  the  engineering  plastic  being  used  (or  the  part.  The  CAD  system  can  be  networked  to 
the  other  Air  logistics  Centers.  Manufacturing  costs  are  reduced.  The  injection  aolding  machine  was  prototyped  by 
manufacturing  the  600  gallon  external  fuel  tank  fin.  Acceptance  tests  were  performed  to  the  satisfaction  of  the  ACPO 
specifications.  Since  contract  acceptance,  the  ACPO  has  used  the  injection  Holding  facility  to  produce  numerous 
prototype  thermoplastic  fins  for  the  600  gallon  external  fuel  tank.  The  original  part  cost  $2500  while  the  injection 
aolded  part  cost  $200.  Holding  parameters  are  being  optimized  to  iaprove  the  strength  of  the  fins.  Injection  Holding 
can  reduce  or  eliiinate  the  ■illing  requirement  of  metal  parts.  This  reduces  the  various  environmental  concerns  of 
waste  material  disposal.  Scrap  plastic  parts  and  material  may  be  recycled  thus  reducing  waste.  Additionally,  a  dummy 
magazine  prototype  for  the  ALE-40  Chaff-Flare  Dispensing  System  will  go  into  production.  This  will  be  the  first  "art  to 
part"  product  of  the  thermoplastics  injection  molding  design  and  prototyping  capability  at  SM-ALC.  The  purpose  of  the 
dummy  magazine  is  to  seal  off  the  firing  electrodes  from  the  environment  as  well  as  to  maintain  the  continuity  of  air 
flow  over  the  aerodynamic  surface.  This  will  reduce  corrosive  and  foreign  object  damage  to  the  ALE-40  chaff-flare 
dispensers.  The  ALE-40  system  is  installed  on  the  A-7,  A-10,  C-130,  F-15,  F-16,  F-lll,  H-3,  and  H-53  weapon  systems. 
SK-ALC  estimates  a  savings  of  S9.6M  for  inventory  wide  implementation  of  the  dummy  magazines. 


( 


The  same  design  and  manufacturing  methodology  has  been  applied  to  avionics  enclosures,  antennae  radomes,  link-tube 
ammunition  carriers,  and  cockpit  parts  such  as  glare  shields  and  piddle-paks.  These  applications  have  shown  significant 
improvements  in  strength  and  durability  along  with  reductions  in  manufacturing  costs.  The  injection  molding  design 
capability  acguired  at  SM-ALC  under  the  PRAM  project  will  be  implemented  at  each  ALC  by  utilizing  the  existing  Defense 
Data  Network  as  a  vehicle  for  data  transfer.  Stand  alone  CAD  hardware  and  software  is  being  procured  with  ACPO  funds 
and  is  expected  to  be  installed  at  each  ALC  by  1989.  This  CAD  network  will  allow  each  ALC  to  focus  more  effectively  on 
advanced  composites  and  thermoplastics  applications  within  their  respective  environments,  resulting  in  an  increase  in 
technology  insertions.  Further,  with  the  ACPO  acting  as  the  central  software  library,  the  network  will  facilitate  rapid 
interchange  of  composites  design  data  and  logistics  information  among  all  ALCs.  These  effective  technology  applications 
are  expected  to  show  substantial  yield  in  benefits  in  terms  of  dollars  saved  and  improved  mission  capabilities. 

The  drawbacks  include  the  high  initial  costs  of  the  machinery  and  the  CAD-CAM  software.  However,  because  of  the 
proposed  SM-ALC  networking  with  the  other  Air  Logistics  Centers,  they  can  use  the  CAD  capability  and  reduce  their 
individual  capital  investment.  Low  volume  production  runs  may  not  be  cost  effective.  The  design  and  manufacturing  of 
molds  may  result  in  long  lead  times  depending  upon  the  complexity  of  the  mold.  You  may  need  to  run  trade  studies  to 
verify  that  injection  molding  is  the  best  manufacturing  method  for  your  part. 


TECHNOLOGY    CONTACT; 

Office:  SM-ALC/KMEP,  McClellan  AFB  CA  95652 

Mr  Milt  Swope,  ACPO  Branch  Chief 
AUT0V0N:  633-3810 
Comm:  (916)  643-3810 


USER     CONTACTS; 

Office:     SM-ALC/MMEP,  McClellan  AFB  CA  95652 

Mr  Chris  Frank,  Thermoplastics  Engineer 
AUT0V0N:     633-3810 
Comm:     (916)  643-3810 


Office:     00-ALC/MMEAR,  Hill  AFB  UT  84056 

Capt  John  Tester,  Advanced  Composites  Engineer 
AUT0V0N:     458-7378 
Comm:     (801)  777-7378 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  office  for  Logistics  Research  (AFC0LR/TT).    Determining  the  feasibility  of  using  this 
technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements  and  the 
capabilities  provided  by  the  technology.    For  further  information  on  the  subject  technology,  please 
contact  the  listed  organizations.    Comments  or  questions  about  the  Technology  Transfusion  Program  are 
welcomed  and  should  be  addressed  to  "TechTIP",  AFCOLR/TT,  Wriqht-Patterson  AFB  OH  45433-5000  or  call 
AUTOVON  785-1606,  Commercial  (513)  255-1606. 
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Cutting  Symmetrical  Recesses  in  Soft  Ceramic  Tiles 

A  tool  makes  smooth,  rounded  holes  while  protecting  electrical  leads. 


A  simple  tool  cuts  hemispherical  re- 
cesses in  soft  ceramic  tiles.  The  tool  is  de- 
signed to  expose  the  wires  of  thermo- 
couples embedded  in  the  tiles  without 
damaging  the  leads.  It  creates  neat,  pre- 
cise holes  around  the  wires. 

The  tool  is  used  in  place  of  such  tools  as 
dental  picks,  tweezers,  spatulas,  and  putty 
knives,  which  were  difficult  and  time  con- 
suming to  use  and  produced  rough,  irregu- 
lar recesses.  Moreover,  these  other  tools 
sometimes  damaged  the  wires,  the  tiles,  or 
both. 


The  tool  consists  of  a  three-flute  hemis- 
pherical cutting  head  in  a  sleeve  (see  fig- 
ure). The  depth  of  cut  can  be  preset  by  ad- 
justing the  protrusion  of  the  head  from  the 
sleeve  by  tightening  a  pair  of  locknuts.  An 
axial  hole  in  the  cutting  head  accommo- 
dates and  protects  the  thermocouple  leads 
as  cutting  proceeds.  The  user  simply  posi- 
tions the  cutter  over  the  leads  and  turns  it 
via  a  knurled  knob  at  its  outer  end.  The 
flutes  dig  away  tile  material  with  every  turn, 
cutting  deeper  until  the  sleeve  apron 
touches  the  surface  of  the  tile  and  prevents 
further  cutting. 


If  it  is  necessary  to  rework  the  tile  at  a 
thermocouple  location,  the  technician 
loosens  the  locknuts,  resets  the  cutter  for 
deeper  penetration,  retightens  the  lock- 
nuts,  and  rotates  the  tool  over  the  site.  The 
cutter  then  removes  old  material  at  the 
site,  exposing  fresh  thermocouple  wires. 

This  work  was  done  by  Tony  C.  Nesotas 
and  Brent  Tyler  of  Lockheed  Space  Opera- 
tions Co.  for  Kennedy  Space  Center.  No 
further  documentation  is  available. 
KSC-11450 
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DETAIL  OF  CUTTER  (MATERIALTOOl  STEEll 


The  End  Mill  Includes  an  Axial  Hoi*  to  accommodate  thermocouple  wires  embedded  in  the  material  to  be  cut.  The  wires  pass  Into  the  hole 
without  belno,  bent  or  broken.  Dimensions  are  In  Inches. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621  0100  Ext.  241 
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Making  Nozzles  From  Hard  Materials 

Electrical-discharge  machining  forms  interior  and  exterior  contours  and  internal  channels. 


A  proposed  method  of  electrical-dis- 
charge machining  (EDM)  would  cut  hard 
materials  like  silicon  carbide  into  smoothly 
contoured  parts.  The  concept  was  devel- 
oped for  the  fabrication  of  the  interior  and 
exterior  surfaces  and  internal  cooling 
channels  of  convergent/divergent  nozzles. 

The  method  starts  with  a  tubular  section 
of  the  material,  which  must  be  electrically 
conductive.  The  tube  is  mounted  on  a  fix- 
ture that  can  be  rotated  at  a  controlled  rate 
in  a  wire-EDM  machine.  The  wire  can  be 
translated  with  respect  to  the  axis  of  rota- 
tion. 

To  cut  the  internal  surface  of  a  nozzle, 
the  wire  is  passed  through  the  hollow  cen- 
ter of  the  tube.  The  tube  is  slowly  rotated 
while  the  energized  EDM  wire  removes 
material  from  the  inside  surface  of  the  tube 
(see  Figure  1).  The  wire  is  positioned  at  the 
precise  skew  angle  0  and  offset  x  that  will 
yield  the  required  hyperboloidal  curvature 
and  throat  diameter. 

To  cut  the  outside  surface,  the  EDM 
wire  is  repositioned  outside  the  tube.  It  is 
reset  to  give  the  required  curvature  and 
wall  thickness.  The  tube  is  once  again  ro- 
tated, and  the  wire  removes  material. 

Coolant  channels  are  started  from  the 
outer  surface.  The  energized  wire  is  drawn 
inward  until  it  reaches  the  desired  position 
of  a  channel  —  somewhere  near  the  inner 
surface  (see  Figure  2).  The  tube  is  then 
rotated  about  the  energized  wire,  which 
cuts  the  channel.  To  maintain  a  constant 
thickness  between  the  channel  and  the  in- 
ner surface  of  the  nozzle,  the  wire  would  be 
set  at  the  same  skew  angle  used  to  shape 
the  internal  contour.  Variations  in  thickness 
can  be  produced  by  varying  the  skew 
angle.  When  the  channels  have  been  cut, 
the  entrance  slots  from  the  outer  surface 
are  filled  with  a  brazing  alloy  or  other  filler. 

The  method  will  be  less  costly  than  the 
casting  and  grinding  now  used  to  shape 
nozzles.  In  addition,  it  will  be  more  precise, 
will  not  introduce  residual  stresses,  and  will 
allow  a  more  liberal  choice  of  the  shapes 
and  orientations  of  cooling  passages.  Also, 
because  the  passages  are  not  parallel  to 
the  flow  of  hot  gas  in  the  nozzle,  a  blocked 
passage  is  less  likely  to  allow  overheating. 

In  a  variation  of  the  method,  the  EDM 
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Figure  1.  An  Bectrical-Dlscharge-Machlnlng  Wire  at  Skew  Angle  0  creates  a  hyperboloidal 
cavity  In  a  tube.  The  wire  is  offset  from  the  axis  of  the  tube  (and  from  the  axis  of  rotation)  by  a 
distance  equal  to  the  throat  radius. 


wire  could  be  replaced  by  an  electrically 
heated  wire  for  cutting  large  plastic  molds 
or  forms.  In  other  variations  a  vibrating 
abrasive  wire  or  a  high-pressure  water  jet 
would  be  used  for  cutting. 

This  work  was  done  by  Dennis  L  Wells 
of  Johnson  Space  Center.  A/o  further  doc- 
umentation is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Johnson  Space  Center. 
Refer  to  MSC-21299/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  IC-4 
Houston,  TX  77058 
(713)483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)483-4871 


Figure  2.  Maintaining  the  Same  Skew  An- 
gle as  that  used  to  cut  the  hyperboloidal  in- 
ner surface  but  using  a  larger  offset,  a  cool- 
ing channel  Is  cut  In  the  material  near  the 
Inner  hyperboloidal  surface. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
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Shutter  for  VPPA-Welding  Vision  System 

Optical  input  would  be  regulated  according  to  welding  current. 


A  conceptual  electro-optical  shutter 
subsystem  would  regulate  the  intensity  of 
light  entering  a  video  camera  from  a  var- 
iable-plasma-pulse-arc (VPPA)  weld  in 
process.  The  camera  would  be  part  of  a 
video  system  that  would  enable  a  welding 
technician  to  obtain  a  better  view  of  the 
weld  bead  and  puddle  in  the  light  of  the  arc. 
At  present,  the  high  intensity  of  light  from 
the  arc  requires  optical  filtering,  which 
restricts  the  technician's  vision. 

The  graph  at  the  top  of  the  figure  shows 
the  relative  amplitude  and  polarity  of 
welding  current  in  a  typical  VPPA  cycle. 
The  graph  at  the  middle  shows  that  the  in- 
tensity of  light  generated  by  this  current  is 
approximately  proportional  to  the  magni- 
tude of  the  current.  The  intensity  during  the 
positive  and  negative  current  peaks  would 
overload  the  camera,  "washing  out"  de- 
tails of  the  weld  bead.  It  is,  therefore,  nec- 
essary to  restrict  viewing  to  intervals  of  low 
illumination  near  the  zero  crossings  of  the 
current. 

In  the  proposed  subsystem,  an  electro- 
optical  shutter  would  be  placed  between 
the  welding  arc  and  a  solid-state  video 
camera.  The  shutter  would  be  controlled 
by  a  signal  from  the  VPPA-welding-control 
console  to  open  during  the  intervals  of  low 
illumination  and  close  during  the  positive 
and  negative  current  peaks.  Alternatively, 
the  control  signal  might  be  used  as  a  bias 
signal  to  turn  off  the  camera  during  high  il- 
lumination.Thus,  the  camera  would  capture 
the  image  of  the  weld  bead  during  periods 
of  low  illumination.  The  image  would  be 
Drocessed  through  a  video  processor  and 
displayed  on  a  television  monitor. 

This  work  was  done  by  Murray  J. 
Lirette    of  Martin    Marietta    Corp.    for 
Marshall  Space  Flight  Center. 
MFS-28267/TN 
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The  Electro-optical  Shutter  would  be  opened  during  the  low-illumination  viewing  intervals 
near  the  zero  crossings  of  welding  current,  preventing  overloading  of  the  video  camera. 
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Tool  Distributes  Clamping  Load 

Legs  can  be  adjusted  for  contact  with  irregular  surfaces. 


A  tool  distributes  a  clamping  load  stably 
and  fairly  evenly  among  five  clamping  feet. 
The  tool  was  designed  to  stabilize  and  even 
out  the  pressure  applied  to  foam  pads  dur- 
ing bonding  and  can  also  be  used  in  other 
situations  where  it  is  necessary  to  maintain 
fairly  even  clamping  loads  during  fabrica- 
tion processes. 

The  tool  includes  a  central  T-bolt  clamp- 
ing leg  to  which  four  side  legs  are  attached 
(see  figure).  Each  side  leg  can  be  set  and 
held  at  any  of  several  angles  by  a  leg-latch 
lever  that  is  spring-loaded  against  a  pin  on 
the  leg.  The  length  of  the  leg  can  be  ad- 
justed, and  the  foot  at  the  lower  end  of  the 
leg  pivots.  With  this  combination  of  leg  ad- 
justments, the  feet  can  be  set  in  firm, 
stable  contact  with  a  flat,  curved,  poly- 
hedral, or  irregular  surface. 
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Leg-Latch 
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Length       Pivoting 
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This  work  was  done  by  Barry  Wayne 
Spencer  of  Lockheed  Space  Operations 
Co.  for  Kennedy  Space  Center. 
KSC-11420/TN 


Five  Clamping  Feet,  four  of  which  are  ad- 
justable, distribute  the  clamping  load  and 
maintain  the  clamping  configuration  dur- 
ing adhesive  bonding  or  a  similar  fabrica- 
tion process.  The  tool  can  be  used  to  clamp 
nonflat  as  well  as  flat  surfaces. 
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Tooling  for  Robotic  Welder 

A  robot  can  obtain  a  welding  tool  and  a  position  reference  quickly  and  automatically. 


A  torch  tool  and  tool  stand  for  a  gas/ 
tungsten-arc-welding  robot  establish  a  re- 
peatable  tooling  center  point  —  that  is,  a 
precisely  defined  location  for  the  tip  of  the 
tungsten  welding  electrode  with  respect  to 
the  centerline  of  the  weld.  Multiple  tools 
and  stands  in  the  workspace  also  give  the 
robot  access  to  a  variety  of  welding  torch- 
es and  reference  positions.  This  feature 
saves  time  and  makes  it  unnecessary  for 
the  operator  to  enter  within  the  outer  limit 
of  motion  of  the  robot  arm. 

Each  stand  in  the  workspace  is  a  per- 
manent changing  station  for  its  tool.  A 
stand  contains  a  tungsten  tooling  point  that 
defines  the  reference  position  of  the  tip  of 
the  tungsten  electrode  (see  figure).  Thus, 
when  the  robot  arm  arrives  at  the  stand 
and  grasps  the  tool,  the  tool  is  preposi- 
tioned  for  an  accurate  weld;  no  additional 
calibration  is  needed. 

The  tool  contains  double-sealed  quick- 
disconnect  fittings  with  provisions  for 
shielding  gas,  cooling  water,  and  electrical 
power.  The  robot  can  therefore  quickly  en- 
gage a  tool  when  it  is  ready  to  use  the  tool 
and  just  as  quickly  disengage  the  tool 
when  it  is  finished. 
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This  work  was  done  by  Jack  L  Weeks 
of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 

MFS-29557/TN 


The  Welding  Torch  Is  Held  In  a  rigidly 
mounted  stand.  Quick-disconnect  fittings 
give  access  to  water,  gas,  and  power  ports. 
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Materials 


0355  Aircraft  Radial  Tires 

0356  Fluoropolymer  Coating 

0357  Polyalphaolefin  (PAO)  Synthetic  Fluid 

0358  Safestep  Sorbent  Material 

0359  Urethane  Tire  Fill/Lining 

0360  Delayed  Shutters  for  Dual-Beam  Molecular  Epitaxy — RHEED  monitors 
and  is  used  to  control  the  proportions  of  elements.  (Licensing 
Opportunity) 

0361  ESR  Measurement  of  Crystallinity  in  Semicrystalline  Polymers — 
Photogenerated  free  radicals  decay  at-different  rates  in  crystalline  and 
amorphous  phases. 

0362  Pulsed  Molecular  Beams  for  Growth  of  InAs  on  GaAs — Pauses  for 
annealing  reduce  the  number  of  defects.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0326    Variable-Resistivity  Material  for  Memory  Circuits — Nonvolatile  memory 
elements  can  be  packed  densely.  (Licensing  Opportunity) 

0348     Composites  Workstation 


Technology  Fact  Sheet 

U.S.  Air  Force 


Aircraft  Radial  Tires 


SYNOPSIS; 

The  aircraft  radial  tire  is  similar  in  construction  to 
the  radial  tires  you  can  use  on  your  automobile.  The 
reinforcement  cords  are  used  in  a  radial  direction 
straight  around  the  tire  carcass  from  one  bead  to 
the  other.  (Bias  tires  have  their  plies  at  an  oblique 
angle  relative  to  the  axis  of  rotation).  As  seen  in  the 
sketch  on  the  right,  a  typical  construction  consists  of  a 
two  or  four  ply  carcass  of  nylon  cords  fastened  by  a 
single  roundwire  bead  bundle  on  each  side,  two  or  four 
ply  belt  of  nylon  cords,  and  a  steel  protection  ply 
beneath  the  tread,  (continued  on  reverse  side) 
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APPLICATIONS ; 

Fielded:  French  Mirage  (main  and  nose),  Airbus  (main  and 

nose) 
Current:  F-15E  (main  and  nose),  Boeing  767  (main),  HD-80  (main) 
Future:  F-16  (main  and  nose),  F-4  (main),  A- 10  (main) 

AIR  FORCE  R&M  2QOO  GOAL.  HIGHLIGHTS  r 

Increase  Combat  Capability:  11  to  28%  less  tire  weight,  fewer  punctures  from  runway  debris 
Decrease  Mobility  Requirements:  Fewer  replacement  tires  required 
Decrease  Manpower  Requirements:  Increased  MTBF,  reduces  need  for  tire  changes 

Decrease  Costs:  Lower  total  acquisition  costs  due  to  increased  number  of  takeoff  and  landings  per  tire, 
anticipated  33%  reduction  in  maintenance  costs 

BENEFITS/DRAWBACKS ; 

Compared  to  bias  tires,  radial  tires  offer  an  increase  in  tread  life  of  50  to  80  percent.  Radials  offer  an  11 
to  28%  reduction  in  weight.  Reliability  is  expected  to  increase  because  of  the  tire's  cooler  operating 
temperature,  increased  resistance  to  tread  cut  growth  and  groove  cracking,  and  increased  puncture  resistance. 
Because  the  radial  tires  have  less  rolling  resistance,  (continued  on  reverse  side) 

DOCUMENTATION ; 

a.  AFWAL  Test  Report,  83-23,  F-16  MLG  25.5X8.0-14/18PR  Tire  Qualification/Evaluation,  Oct  83 

b.  SAE  Paper  871870,  Development  of  Radial  Aircraft  Tires,  R.  Olds,  Michelin  Tire  Corp.,  presented  at  the  1987 
SAE  Aerospace  Technology  Conference  and  Exposition,  5-8  Oct  87 
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SYNOPSIS:   (continued) 

Laboratory  testing  showed  that  the  radial  tires  exceeded  dynamic  qualification  requirements  and  ran  cooler 
than  standard  bias  ply  tires.  AFWAL-TM-87-205/FIEM  technical  memo  documents  cornering  tests  which  showed  that 
turning  side  force  was  lower  for  the  radial  tire.  To  date,  all  of  the  radial  tires  flight  qualified  and 
demonstrated  on  USAF  aircraft  were  designed  as  direct  replacements  for  current  bias  ply  tires.  These  radial 
tires  meet  the  same  performance  requirements,  fit  the  same  wheel  rims,  are  the  same  size,  and  operate  at  the 
same  inflation  pressures  as  the  bias  ply  tires  they  replace. 

BENEFITS/DRAWBACKS;   (continued) 

they  generate  less  heat.  The  radial's  reduced  operating  temperature,  in  a  short  duty  cycle  environment, 
significantly  increases  the  aircraft  radial  tire's  load  carrying  capability.  Both  Goodyear  and  Michelin 
tires  were  tested  to  the  FAA  TSO  C62C  specification  overload  requirements  of  1.5  times  their  normal  load 
capacity.  Michelin  has  extended  these  tests  with  the  Airbus  A300  aircraft  radial  tires  to  include  two  takeoff 
and  landing  cycles  at  2.0  times  the  tire's  load  capacity. 

During  the  A-10  aircraft  life  cycle  cost  index  tests  for  the  Michelin  tires,  there  were  no  blowouts  for  the 
radials.  The  tests  also  showed  that  the  radial  tire  produced  good  overall  pilot  feel  and  smoother 
landings,  are  considerably  lighter  and  easier  to  handle  and  mount,  and  compatible  with  the  anti-skid  system. 
The  average  wear  per  landing  was  comparable  to  the  bias  tires. 

Before  any  radial  tires  can  be  used  by  the  Air  Force,  Ogden  ALC  must  evaluate  the  cost  benefits  of  the  tires 
in  their  Life  Cycle  Cost  (LCC)  program.  Currently  Ogden  ALC  is  evaluating  a  Goodyear  radial  tire  for  the  T-38 
main  landing  gear. 

There  are  a  number  of  drawbacks  or  concerns  which  need  to  be  addressed.  In  the  retrofit  situation,  there  may 
be  some  compatibility  problems  between  the  radial  tire  and  the  aircraft's  wheel,  brake/antiskid,  and  strut. 
These  potential  incompatibilities  stem  from  the  different  wheel  design  criteria  and  variances  in  tire 
stiffness  for  radials  and  bias  ply  tires.  In  a  retrofit  application,  it  will  be  necessary  to  conduct 
verification  tests  to  ensure  wheel  life.  Radial  tires  that  are  desinged  to  replace  existing  bias  ply  tires  in 
form,  fit  and  function  may  not  be  able  to  be  optimized  to  take  full  advantage  of  their  operational  capability. 
For  new  aircraft  wheel  designs,  you  can  optimize  the  design  to  realize  the  advantages  radial  tires  offer. 

Initial  operational  tests  on  the  F-15E  at  Luke  AFB  resulted  in  early  excessive  wear  in  the  shoulder  area  of 
the  tire.  This  was  basically  the  same  number  of  takeoff/landing  cycles  as  the  bias  ply  tire.  The 
system  program  office,  the  field,  and  the  tire  manufacturer  are  investigating  the  problem.  The  problem  may 
be  a  function,  not  of  the  radial  tire,  but  rather  of  the  landing  gear  configuration  and  the  angle  between  the 
tire  and  the  ground  (non-perpendicular). 

In  the  durability  arena,  tread  design  and  size  need  to  be  optimized  to  take  advantage  of  the  radial  tire's 
operational  capability.  There  may  be  some  operational  concerns  of  mixing  radial  tires  and  bias  tires  on  the 
same  landing  gear  on  the  same  aircraft.  Radial  tires  may  have  a  higher  initial  cost  per  tire,  but  because  of 
their  extended  life,  life  cycle  costs  should  be  lower. 

TECHNOLOGY    CONTACTS:  USER    CONTACT; 

Office:  AFWAL/FIEM,  WPAFB  OH  45433  405  EMS/MAEBR,  Luke  AFB  AZ  85309 

Mr  Paul  Wagner,  Radial  Tire  R&D  Engineer       TSgt  Robert  H.  Blind,  NCOIC  Wheel  &  Tire  Shop 
AUTOVON:  785-2663  853-6287 

Coram:  (513)  255-2663  (602)  856-6287 

Office:  00-ALC/MMILBE,  Hill  AFB  UT  84056 

Jack  Passey,  Depot  Engineering 
AUTOVON:  458-6286 
Comm:  (801)  777-6286 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).  Determining  the  feasibility  of  using 
this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.  For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the 
Technology  Transfusion  Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFCOLR/TT, 
Wright-Patterson  AFB  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


Technology  Fact  Sheet 

U.S.  Air  Force 


Fluoropolymer  Coating 


SYNOPSISr 

Fluorinated  organic  polymers  are  a  family  of  coatings  consisting  of 
fluoroepoxy,  fluorourethane,  and  fluoroacrylic.  They  were 
developed  for  a  variety  of  applications  by  the  Naval  Research 
Laboratory.  These  polymers  are  chemically  resistant  and  can  be 
used  to  coat  a  lyriad  of  surfaces  including  antennas,  storage  and 
transfer  tanks,  lissile  launchers,  and  just  about  anything  which 
will  be  exposed  to  the  environment.  The  polymers  have  a  high 
resistance  to  electrical  breakdown,  sunlight,  soiling,  weather,  and 
moisture.  The  fluoro-faoily  of  coatings  contain  24  percent  of 
polytetrafluotoethylene  (PTFE)  which  is  sold  as  Teflon  (TM)  or 
Halon     (TM).     The    PTFE  is    dispersed    (continued  on    reverse  side) 

APPLICATION: 

Fielded:  Submarine  radomes,  ship  hulls,  fuel  storage  tanks 


AIR     FORCE     R&M     2000     GOAL     HIGHLIGHTS: 

Decrease  Manpower  Requirements:  Fewer  maintenance  actions  to  maintain  surfaces 
Decrease  Costs:  Two  to  three  times  longer  service  life  of  coatings  systems 

BENEFITS /DRAWBACKS: 


SPRAY  PAINTING  FUEL  STORAGE  TANK 


The  main  benefit  of  this  family  of  coatings  is  their  protection  from  sunlight,  soiling,  weathering,  and  moisture 
absorbtion.  They  can  be  applied  by  the  same  methods  used  for  the  present  epoxies,  urethanes,  and  acrylics,  within  each 
of  these  classes,  the  coating  formulation  can  be  tailored  to  accentuate  the  specific  properties  required  for  the 
particular  application.  Generally,  fluorourethanes  are  tougher,  cheaper,  and  more  convenient  to  use  (particularly  in 
solvent-based  applications)  than  are  the  fluoroepoxies.  Although  fluoroacrylics  are  not  as  tough  or  adherent  as  the 
other  two  polymers,  it  is  more  convenient  to  use  them  as  a  touch-up  or  repair  coating  because  they  don't  have  to  be 
mixed  with  a  catalyst  just  prior  to  application.  These  coatings  exhibit  a  "non-stick"  surface  which  lends  itself  to 
be  easily  cleaned  by  sinply  wiping  the  surface  with  a  wet  rag.  Optically  clear  coatings  with  anti-wetting 
characteristics  can  be  produced  from  all  three  classes  of  materials.  They  are  superior  vapor  barriers  for  the 
protection  of  electronic  equipment  or  other  sensitive  components  that  require  protection  from  moisture.  They  can  be 
used  to  encapsulate  integrated  circuits  to  protect  them  from  moisture  contaminants,  (continued  on  reverse  side) 

DOCUMENTATION : 

NRL  Memorandum  Report  5517,  Fluorinated  Organic  Polymers  for  Diverse  Applications,  Mar  85. 

Nontoxic  Alternatives  to  Antifouling  Paints,     Journal  of  Coatings  Technology,     Dec  87;     Vol  57;     Number  755;  pp  113-119. 
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SYNOPSIS     (cont'd) r 

in  a  fluorinated  resin  base  with  added  pigments  and  solvents.  The  coatings  provide  easy  to  clean,  soil  and  water 
resistant  surfaces.  Fluoroepoxies  are  water-clear  liquids  of  exceptionally  low  surface  tension  which  wy  be  tailored  to 
contain  stable  fluorocarbon  contents  in  excess  of  60%  by  weight.  They  are  cured  by  catalysts  such  as  fluoroanhydrides 
or  conventional  silicone  aaines  by  aeans  analogous  to  the  coaton  epoxies.  Fluorourethanes  are  tough,  durable  materials 
which  are  comparable  in  ease  of  application  to  the  unfluorinated  analogs.  Superior  marine  paints  can  be  formulated  froa 
this  class  of  material.  Fluoroacrylics  can  be  readily  polymerized  in  linear  fashion  during  manufacturing  to  produce 
solvent-soluble  polymers.  This  avoids  the  problei  of  having  to  mix  two  or  more  components  just  prior  to  application. 
(Both  epoxies  and  polyurethanes  require  mixing).  Fluoroacrylics  are  extreaely  hydrophobic;  they  absorb  as  little  as 
0.061  water  by  weight. 

BENEFITS/DRAWBACKS     (cont'd): 

Specific  applications  range  from  linings  for  large  fuel  storage  tanks  to  fiber  optic  coatings.  The  coatings  are  used  on 
petroleum  storage  tanks  froa  250  barrels  up  to  300,000  barrels.  The  costs  of  eaptying  these  tanks,  cleaning  then, 
preparing  the  surfaces  to  receive  a  coating,  and  applying  a  sequence  of  three  or  aore  coatings  are  so  great  that  the 
increased  aaterial  cost  of  the  fluoropolyaer  topcoat  is  not  an  overriding  factor.  Also,  the  economies  to  be  achieved  by 
extending  the  time  between  repainting  operations  are  so  significant  that  longevity  of  a  lining  is  a  highly  prized 
quality.  These  tanks  also  need  to  be  cleaned  periodically,  and  the  easily  cleaned  surface  of  fluoropolyner  lining  can 
result  in  savings  in  aaintenance  during  the  life  of  the  lining.  Condensation  in  large  tanks  causes  water  to  collect 
under  the  fuel  being  stored.  The  coating  lines  the  inside  of  the  tank  reducing  tank  corrosion  and  extending  the  service 
life  of  the  tank.  In  addition,  aodern  turbine  engines,  as  used  in  aircraft,  require  audi  cleaner  fuels  than  older 
engines,  and  the  lining  greatly  assists  in  maintaining  acceptable  fuel  purities.  Hot  of  the  least  iaportance  is  the 
environaental  concerns  of  leaking  fuel.  These  linings  do  help  in  forestalling  leakage,  although  the  coatings  were  not 
intended  to  heal  structural  defects  in  tanks.  The  fluoroinated  polyurethane  coating  has  been  approved  as  the  standard 
lining  for  the  Navy's  steel  fuel  tanks.  The  two  features  of  the  functional  fluoropolymers  (low  refractive  index  and 
very  low  water  absorption)  suggest  that  fluoropolymers  would  provide  advantages  when  used  as  a  coating  for  fiber  optics 
(see  TechTIP  TT88001).  In  fiber  optic  applications  in  which  a  wet  environaent  may  be  encountered,  it  is  of  the  utmost 
iaportance  to  prevent  water  absorption  and  subsequent  wetting  at  the  optical  interfaces. 

These  fluorinated  polymers  can  be  applied  by  brush,  conventional  spray,  or  airless  spray  using  standard  equipaent.  The 
fluoropolyaer  paints  containing  PTFE  flow  through  airless  spray  equipaent  faster  than  conventional  paints.  The 
lubricity  of  the  PTFE  causes  this  phenomenon.  Hence,  there  is  an  initial  drawback  of  operators  having  to  learn  to 
deliver  paint  faster.  Film  thickness  is  a  function  of  application  requirements.  After  curing  the  paints  are  flame 
resistant.  The  same  personal  protective  measures  used  for  conventional  epoxy  and  polyurethanes  can  be  used  for  these 
fluoro-paints.  The  spraying  of  these  fluoropolymers  does  not  pose  any  environmental  hazards  (i.e.,  they  do  not 
affect  the  ozone  in  the  atmosphere).  The  transfer  of  this  technology  froa  government  laboratory  to  a  private 
corporation  has  been  a  collaborative  effort  between  the  Haval  Research  Labs  and  industry. 


( 


TECHNOLOGY  CONTACT: 

Office:  Naval  Research  Labs,  Code  6123 

(Dr  Robert  F.  Brady) 
AUTOVOH:  297-2268 
Coma:   (202)767-2268 


USER    CONTACT: 

Office:    HQ  Haval  Facilities  Eng  CUD,  Code  04B3 

(Mr  Richard  Thoaas) 
AUTOVON:     221-0060 
Coaa:       (703)325-0060 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFC0LR/TT).    Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.     For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to    "TechTIP", 
AFCOLR/TT,  Wright-Patterson  AFB  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Polyalphaolefin  (PAO)  Synthetic  Fluid 


SYNOPSIS; 

Hydrogenated  Polyalphaolefins  (PAO)  are  used  as  lubricants  and  heat 
transfer  fluids.  PAO  products  are  produced  from  commercial  base 
stocks  of  PAO  and  then  modified  for  a  particular  use,  either  in 
large  applications,  like  synthetic  automotive  oil  or  in  small 
applications,  like  gyroscope  lubricants.  The  PAO  synthetic  is  made 
from  a  natural  gas  (ethylene).  It  can  be  used  as  a  super  fine 
lubricant,  such  as  in  MIL-L-85812  "Lubricating  Oil,  Instrument  Ball 
Bearing,  Synthetic  Hydrocarbon"  (in  draft);  as  a  coolant,  such  as 
in  MIL-C-XXX,  "Coolant  Fluid,  Hydrolytically  Stable,  Dielectric"; 
or  thickened  into  a  grease,  such  as  MIL-G-81322,  "Grease,  Aircraft, 
General  Purpose,  Wide  Temperature  Range". 

APPLICATIONS ; 

Fielded  -  G-1200  in  the  LN-31(F-15),  LN-38(F-18),  and  LN-39  (F-16) 

-  HIL-H-83282,  "Fluid  Hydraulic,  Fire  Resistant,  Synthetic 
Hydrocarbon  Base,  Aircraft"  in  most  military  aircraft 

Current  -  Coolant  in  AMP-137  Radar  (P3  Aircraft) 

-  Prototyped  for  G-200,  2171AB  and  KT-73  gyros. 
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Radar  Board  Arcing  Damage  as 
a  result  of  Collant  Hydrolysis 


AIR  FORCE  R&M  2QOO  GOAL  HIGHLIGHTS; 

Increase  Combat  Capability:  Improved  Lubricant  Properties 

Decrease  Mobility  Reguirements:  Reduced  the  need  for  support  equipment  for  P3  Aircraft 

Decrease  Costs:  $75/gallon  SHL  vs  $500/gallon  natural  lubricant 

BENEFITS/DRAWBACKS ; 

AFWAL/MLSE  is  completing  coordination/approval  of  a  MIL-C  specification  for  PAO  coolant.  The  PAO  coolant  will 
replace  the  silicate  esters  (known  as  Coolanol  25R  by  Monsanto  and  FlowCool  180  by  Chevron),  which  are 
hydrolytically  unstable  (they  break  down  in  the  presence  of  water).  When  water  mixes  with  silicate  esters; 
they  break  down  to  form:  (1)  an  alcohol,  which  lowers  the  fluids  flashpoint  creating  a  safety  hazard;  and  (2) 
a  gel  which  can  clog  filters  and  can  cause  electrical  arcing  (see  picture).  A  condition  called  the  "Black 
Plague"  results  when  the  alcohol,  a  byproduct  of  the  breakdown,  ignites  in  the  fluid.  The  requirement  for 
field  lab  test  eguipment  to  check  the  condition  of  coolant  is  reduced  because  PAO  does  not  have  the  water 
degradation  problem  associated  with  silcate  ester  coolants,  (continued  on  reverse  side) 

DOCUMENTATION ; 

PRAM  Project  Report  No.  34779-02,  dtd  28  Feb  86;  MIL-C-XXXX  "Coolant  Fluid,  Hydrolytically  Stable,  Dielectric" 
published  in  Fall  88  (OPR  -  AFWAL/MLSE) 
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BENEFITS/DRAWBACKS    (continued); 

The  "Black  Plague"  problem  will  be  eliminated  with  the  PAO  coolant  fluid  because  of  its  greater  stability  in  the 
presence  of  water  and  higher  flash  point  (flash  point  can  be  application  dependent).  Silicate  esters  have  a  lower 
viscosity  at  -65"F  (300  cST)  compared  to  PAO  (1200  cST)  (cST  -  Centistokes,  a  thickness  unit).  PAO  has  been  tested  down 
to  -65°F  and  shown  to  flow  immediately  and  cone  to  77%  of  ambient  temperature  flow  within  5  minutes.  New  system  design 
changes,  mainly  in  pump  units  used  to  move  the  fluids,  can  compensate  for  the  higher  viscosity  of  PAO  at  the  lower 
temperatures.  Silicate  esters  cost  over  three  times  as  much  as  PAO.  SAC  estimated  a  $945  million  saving  over  25  years 
with  use  of  the  PAO  coolant  in  the  B-1B  Avionics.  PRAM  is  currently  funding  Bl-B  test  flights  to  evaluate  PAO  as  a 
replacement  for  silicate  esters.  The  PAO  coolant  runs  in  the  same  hardware  with  the  sane  or  better  coolant  capacities. 
To  convert  to  PAO  a  complete  cleaning  of  the  system  is  not  reguired.  Small  quanities  of  silcate  esters  do  not  degrade 
the  performance  of  PAO.  The  Navy  has  flown  over  400  hours  with  PAO  in  the  AMP-137  radar  in  the  P3  Aircraft.  This 
flight  test  confirmed  laboratory  test  results.  The  Navy  is  considering  not  buying  several  million  dollars  worth  of 
filtration  carts  because  of  the  success  on  this  P3  demonstration. 

PAO  hydraulic  fluids  are  specified  in  MIL-H-83282.  The  Navy  started  using  PAO  hydraulic  fluid  in  1976.  The  Air 
Force  started  using  it  after  a  series  of  hydraulic  fluid  related  fires  in  the  A-10  in  1980.  Today  the  majority  of 
hydraulic  fluid  used  in  the  DOD,  except  for  Strategic  Air  Command  (SAC)  aircraft,  is  PAO  based.  SAC  does  not  use 
synthetic  PAO  hydraulic  fluids  because  of  a  concern  with  the  low  temperature  operating  capability.  The  currently  used 
MIL-H-5606,  a  natural  oil  hydraulic  fluid,  is  rated  down  to  -65°F.  SAC  is  considering  using  the  synthetic  since  the 
natural  fluid  has  a  higher  flash  point. 

Super-refined  petroleum  lubricants  are  currently  reguired  in  small  guantities  (ounces  at  a  time)  in  production  and 
maintenance  of  gyros.  Most  of  the  inertial  ball  bearing  gyros  used  in  aircraft  inertial  navigation  systems  utilize 
super-refined  petroleum  lubricants  (referred  to  as  KG  80)  in  the  spin  axis  bearings.  The  base  stock  of  these  lubricants 
is  nearly  identical  in  all  of  the  gyro  bearings  -  only  the  viscosity  and  additive  packages  differ.  The  infrequent 
production  of  the  natural  lubricant  combined  with  the  requirement  for  "super-refining"  drives  costs  up,  if  industry  will 
produce  the  lubricant  at  all.  The  last  production  run  in  1981  cost  5500/gallon.  Under  a  PRAM  program,  a  family  of 
Synthetic  Hydrocarbon  Lubricants  (SHLs),  a  particular  kind  of  PAO,  were  conponent-tested  to  qualify  them  for  use  in  gyro 
spin  axis  ball  bearings  and  as  interchangeable  replacement  for  super-refined  petroleum  oils.  The  SHLs,  estimated  to 
cost  S75/gallon,  have  several  improved  properties.  These  include  a  lower  temperature  pour  point  (-60°F  compared  to 
-10°F),  improved  lubricity,  oxidation  stability  (5-10  times  better),  repeatability  and  purity  in  production.  The 
improved  stability  and  consistent  properties  result  because  PAO  is  synthesized  from  high  purity  compounds  rather  than 
being  refined  from  widely  varying  natural  oil  stocks.  SHL  characteristics  allow  for  torque  variation  consistency  which 
results  in  improved  gyro  and  other  precision  instrument  performance.  A  wide  range  of  intermediate  viscosities  can  be 
achieved  by  planning  and  controlling  the  PAO  molecular  structure  which  make?  the  viscosity  properties  predictable.  This 
eliminates  the  need  for  the  unique~refinement  that  was  required  with  natural  oils.  Future  supply  of  a  particular 
synthetic  oil  is  assured  since  commercial  production  is  not  dependent  on  continued  use  of  any  particular  large 
application. 

The  SHL  is  not  being  used  in  older  gyros  because  of  the  existing  stocks  of  super-refined  lubricants  on-hand  at 
ACMC.  The  MIL-L-85812,  "Lubricating  Oil  Instrument  Ball  Bearing  Synthetic  Hydrocarbon",  is  in  the  process  of  being 
approved,  but  has  not  been  released  as  of  this  TechTIP  publication  date. 
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TECHNOLOGY    CONTACTS: 

Office:    NADC/Code  60611,  Warminster,  PA,  18974 

.     (Mr  Neal  Rebuck,  MIL-L-85812) 
AUTOVON:     441-1921 
Comm:     (215)  441-1921 


USER    CONTACTS; 

Office:    NAVAIR  System  Com,  AIR-41121,  Wash  D.C. 
(LCDR  Stew  Paul  (USN),  PAO  use  in  Navy) 
AUTOVON:    222-1518 
Coram:     (202)  692-1518 
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Office:  AFWAL/MLSE,  WPAFB,  Ohio,  45433 

(Mr  Mike  Stropki,  PAO  focal  point) 
AUTOVON:  785-7482 
Comm:  (513)  255-7482 


Office:  AGMC/SHA,  Newark  AFS,  OH  43057 

(Mr  Stan  Coleman,  Gyros) 
AUTOVON:  580-7511 

Comm:  (614)  522-7511 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).   Determining  the  feasibility  of  using 
this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements 
and  the  capabilities  provided  by  the  technology.   For  further  information  on  the  subject 
technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the  Technology 
Transfusion  Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFCOLR/TT, 
Wright-Patterson  AFB  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


Technology  Fact  Sheet 

U.S.  Air  Force 


Safestep  Sorbent  Material 


SYNOPSIS; 

Safestep  and  Magic  Sock  sorbents  are  inert,  inorganic  blends  of 
siliceous  and  other  minerals,  insoluble  in  practically  all  solvents 
and  strong  mineral  acids,  except  hydrofluoric  acid.  Safestep's 
orderless  natural  substances  allow  it  to  pick  up  and  retain  oils, 
petrochemicals,  acids,  caustic  solutions,  organic  compounds, 
inorganic  chemicals,  Polychlorinated  Biphenyl  (PCB),  and  other 
toxic  and  hazardous  wastes.  The  retentive  property  of  Safestep  is 
what  separates  it  from  the  other  dry  sorbents.  Safestep  is  unigue 
and  works  on  the  adsorption  method:  the  adhesion  in  an  extremely 
thin  layer  of  molecules  to  the  surfaces  of  solid  bodies  or  liguids 
with  which  they  cone  in  contact.  Simply  stated,  this  means  that 
the  liguid  you  are  trying  to  contain  and/or  pick  up  will 
immediately  attach  itself  to  all  exposed  surfaces  of  the  sorbent 
material  and  cling  there.  Safestep's  snail  particle  size  presents 
a  much  larger  total  sorbing  surface  area  than  larger,  coarser 
particle  sorbing  materials:  that  is,  more  particles  and  surface 
area  are  available  to  attach  onto  a  spill,  (continued  on  reverse) 

APPLICATIONS: 

Fielded:     1st  TFH  Langley,  AFB  VA. 
35  EMS  George,  AFB  CA. 

AIR     FORCE     R&M     2QOO     GOAL     HIGHLIGHTS: 

Decreased  mobility  requirements:  Less  material  required,  less  storage  space  needed. 

Decreased  manpower  requirements:    Fewer  man-hours  expended  for  cleaning  spills,  one-tenth  the  isual  cleaning  time. 

Decrease  cost:     Less  material  used  during  application,  less  disposal  and  liability  cost  at  chemical  landfills. 

BENEFITS/DRAWBACKS : 

Safestep  and  Kagic  Sock  are  effective  for  containing  and  cleaning  up  virtually  all  chemicals.  The  benefits  of  the 
product  include  reduced  time  during  clean  up  process,  reduced  amounts  of  material  applied  to  spill,  reduced  amounts  of 
hazardous  waste  generated,  and  reduced  slip/fall  hazards.  Safestep  adsorbs  in  approximately  one-tenth  the  time  of  other 
sorbing  materials,  and  does  not  need  to  sit  and  soak  before  the  cleaning  process  begins.  This  product  contains  no 
hazardous  ingredients,  is  non-flammable  and  non-combustible.    Safestep  is  moist  (continued  on  reverse) 

DOCUMENTATION : 

Contract  Number:  GS-10F-48862,  NSN  7930-01-145-5797  (need  1348-6  local  purchase  request),  USAF  Maintenance  Magazine 
(Jan/Mar  83,  Apr/Jun  83);  Air  Force  Safety  Journal  (Sep  82);  Management  and  Equipment  Evaluation  Prograi  Service  Tips 
VOL.  83-2. 
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SYNOPSIS     (cont): 

Safestep  (in  25  pound  bags)  is  used  to  clean  up  spilled  liquids  while  Magic  Sock  (a  42  inch  long  sock)  is  Safestep 
packaged  in  a  special  non-reactive  polypropylene  sleeve.  It  is  used  both  to  contain  large,  unexpected  spills  and 
anywhere  there  are  continuous  leaks. 

BENEFITS/DRAWBACKS  ( cont) : 

(not  a  dry  powder  like  Speedy-Dry)  and  works  rapidly  by  sorbing  the  spill  instantly  and  completely  which  reduces  safety 
hazards.  These  products  are  not  dusty  and  eliminate  tracking  by  personnel  and  wind  blown  dispersal.  This  means 
Safestep  can  be  effectively  used  outdoors  and  around  dust-sensitive  equipment.  Safe6tep  cleans  thoroughly  so  additional 
applications  and  use  of  additional  processes  like  cleaning  with  solvents  are  not  required. 

Safestep  and  Magic  Sock  have  a  positive  inpact  from  an  environmental  perspective.  Consistent  with  DoO  directives, 
sorbent  materials  reduce  environmental  contamination  by  using  less  material  and  reducing  exposure  of  equipment  and 
environment  to  toxic  chemicals  and  flammable  liquids.  The  speed  at  which  Safestep  sorbs  and  contains  spills  reduces  the 
amount  of  time  personnel  are  exposed  to  hazardous  waste  and  chemical  spills.  Further  environmental  contamination  can  be 
avoided  by  Safestep's  and  Magic  Sock's  ability  to  contain  spills  while  being  used  as  a  diking  compound.  Compared  to 
use  of  current  materials,  less  volume  of  Safestep  is  required  during  the  cleanup  and  disposal  process,  thereby 
generating  less  hazardous  waste.  Tests  have  shown  that  it  picks  up  more  PCB-contaminated  oil  than  other  sorbents  and 
retains  more  than  five  tines  the  PCBs  compared  to  other  sorbents.  The  PCBs  held  by  Safestep  will  not  migrate.  This  is 
significant  as  the  DOD  policy  implemented  by  the  Air  Force  1  October  1988  places  the  cost  burden  of  disposal  of 
generated  hazardous  waste  on  the  generating  activity.  Safestep  reduces  the  significant  transportation  and  disposal 
costs  now  incurred  by  using  other  sorbing  materials.  The  bag  in  which  Safestep  is  packaged  and  shipped  is  lined  to 
function  as  a  temporary  recovery  container  to  aid  the  transporting  process.  The  application  and  recovery  process  of 
Safestep  can  be  accomplished  manually,  or  with  larger  spills  Safestep  can  be  applied  with  a  mechanical  blower  and 
vacuumed. 


( 


Several  concerns  are  relevant  and  should  be  addressed.  When  ordering  Safestep/Magic  Sock  from  the  military  supply 
system,  care  should  be  taken  to  insure  a  substitute  is  not  issued.  The  present  rule  of  thumb  is  to  issue  the  lowest 
priced  sorbing  material.  However,  quantity  should  not  be  substituted  for  quality  or  the  overall  significant  cost 
savings  will  be  lost.  Safestep/Magic  Sock  is  not  recommended  for  use  on  some  chemicals  such  as  HF  (hydrofluoric  acid) 
and  related  fluoride-containing  compounds. 

TECHNOLOGY     CONTACT: 


( 


Office:  Chemical  Safety  Associates  Inc.  (Ind.  Lab) 
Dr  Neal  Langerman  (PhD) 
San  Diego,  CA    92111 
Comm:  (619)  565-0302 

USER    CONTACTS: 

Office:  NAS  Jacksonville,  Box  91,  Jacksonville,  FL  J2212 

Senior  Chief  John  Milton 
AUTOVON:  942-3001/05 
Conn:  (904)  772-3001/05 

Office:  35  EMS/MAEA 

George,  AFB  CA    92394-5000 
SMSgt  Johney  Lewis 
if    AUTOVON:  353-2604 


SORBENT  MATERIAL  CLEAN  UP 
(Notice  the  cleanliness  pf  floor  after  SAFESTEP  use. 


Office:   1st  TFV/MAQ 

Langley,  AFB  VA    23665 
MSgt  Daniel  Johnson 
AUTOVON:  574-7085 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).    Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.    For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  AFCOLR/TT 
Wright-Patterson  AFB,  OH    45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


Technology  Fact  Sheet 

U.S.  Air  Force 


Urethane  Tire  Fill/Lining 


SYNOPSIS 

During  the  Vietnam  conflict  the  need  for  a  puncture-proof  tire 
system  for  ground  support  vehicles  became  evident.  Urethane  tire 
fill  is  a  1-to-l  mixture  of  patented  prepolymer  and  catalyst  which 
is  pumped  into  a  mounted  tire.  It  cures  by  itself  into  a  dense 
elastomeric  urethane  within  24  hours  and  provides  ride, 
readability,  and  handling  similar  to  pneumatic  tires.  This  product 
has  been  successfully  used  in  the  industrial  market  in 
construction,  mining,  scrap  yards,  garbage  dumps,  etc. 

when  tire  weight  has  to  be  minimized,  a  urethane  tire  lining  of 
1/4-inch  thickness  can  be  applied.  The  lining  is  applied  to  the 
tire  before  mounting  on  the  wheel  rim.  The  inside  surface  of  the 
tire    is  cleaned  and    the  liguid  urethane    (continued  on  next  page) 

APPLICATIONS  r 

Fielded:    Civilian  fire  trucks,  ambulances,  and  fans  eguipment. 

Display  aircraft  at  the  Air  Force  Museum. 

Wheeled  vehicles  at  Eglin  AFB,  Fl  gunnery  range  and  Gila  Bend  Gunnery  Range,  Luke  AFB,  AZ. 

AIR     FORCE     R/M     2QOO     GOAL     HIGHLIGHTS; 

Increase  combat  capability:  Continues  to  operate  in  debris  strewn  areas. 
Decrease  vulnerability:    Vehicles  continue  to  operate  after  damage  to  tire. 
Decrease  manpower  reguirements:    Down  time  to  change  flat  tires  is  eliminated. 

BENEFITS/DRAWBACKS  : 

The  major  benefit  of  urethane  filled/lined  tires  is  it  reduces  the  number  of  flat  tires  and  allows  vehicles  to  continue 
to  operate  under  combat  conditions.  In  1983,  the  Air  Force  Engineering  and  Services  Center  (AFFSC)  funded  a  test 
program  for  urethane  filled  and  lined  truck  tires  under  typical  combat  conditions.  A  bomblet  was  placed  under  a  urethane 
filled  tire  and  exploded.  Except  for  gouging  out  a  piece  of  the  tire,  this  had  no  effect  on  the  performance  of  the 
urethane  filled  tire.  On  and  off  road  testing  at  Tyndall  and  Eglin  AFBs  revealed  no  serious  operational  problems  with 
urethane  filled  tires.  AFESC  plans  to  fill  the  tires  on  all  Air  Force  civil  engineering  equipment  in  the  Rapid  Runway 
Repair  Program  in  European  bases.  In  1985,  TAC  conducted  a  daily  over-the-road  truck  test  (continued  on  reverse  page) 


Gunnery  Range  Vehicle 


DOCUMENTATION : 

PRAM  Project  120981-01  (Filled  Tires),     120981-02  (Lined  Tires) 
NOMENCLATURE:  Compound  Fill,     ORDER  NUMBER:  6850  L0047822300,     UNIT  OF  ISSUE: 
NOMENCLATURE:   Pump,     MODEL:     Craco  987-44J,     UNIT  OF  ISSUE:     1  ea. 


Kit,   1  ea.   (contains  2  ea  55  gal.  drums) 
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SYNOPSIS  (CONTINUED); 

sprayed  onto  the  inside  along  one  sidewall.  Then  the  tire  is  spun  vertically  on  rollers  for  approxiiately  8  ainutes 
until  a  uniform  coating  exists,  then  the  other  inside  sidewall  is  sprayed  and  spun.  It  cures  within  ainutes  to  a  soft, 
dense  elastoaeric  urethane  lining  capable  of  self-sealing  punctures  up  to  1/4-inch  in  diaaeter. 

BENEFITS/DRAWBACKS  (CONTINUED); 

at  highway  speeds  of  60  aph  between  Luke  AFB  and  Gila  Bend  Gunnery  Range.  The  trucks  were  also  used  in  desert  areas 
where  cactus  and  jagged  spent  ordnance  punctured  and  cut  tires  regularly.  With  no  flat  tires, the  results  of  these  tests 
demonstrated  that  the  urethane  filled  tires  improved  the  coabat  capability  of  these  vehicles. 

Equipaent  for  the  fill  operation  can  be  purchased  from  the  Air  Force  supply  systea.  The  puap  to  apply  urethane  fill  is 
a  local  purchase  itea  requiring  a  letter  of  justification.  Space  needed  to  store  filling  equipment  is  approxiiately 
four  by  eight  feet.  The  puap  ratio  is  five  to  one,  air  operated,  and  requires  60  psi  air  pressure  to  operate.  After 
use  the  systea  is  cleaned  with  approxiaately  three  gallons  of  isopropyl  alcohol.  The  puap  is  aanufactured  with 
quick  disconnect  alcohol  cleaning  ports. 

when  the  added  weight  of  filled  tires  is  of  concern,  tires  can  be  lined.  Lined  tires  with  punctures  larger  than  1/4-inch 
■ay  not  self-seal,  but  will  leak  slowly  enough  for  the  vehicle  to  escape  and  avoid  catastrophic  effects  of  a  blow-out. 
When  a  .30-cal.  siaulated  shrapnel  was  fired  at  four  urethane  lined  truck  tires  filled  to  70  psi  air  pressure,  all 
entrance  and  exit  holes  were  self-sealed  with  only  five  psi  pressure  loss.  When  .50-cal.  simulated  shrapnel  was  fired 
at  the  sane  tires,  there  was  slow  leakage  but  the  tires  took  two  hours  to  go  conpletely  flat.  In  1983,  TAC  urethane 
lined  all  four  tires  on  a  7  1/2-ton  crane.  The  service  test  consisted  of  pounding  20  ten-penny  nails  into  the  tire 
tread  and  after  one  week,  10  nails  were  reaoved  with  loss  of  air  pressure  froa  70  to  60  psi.  After  reserving,  and  one 
week  later  the  remaining  10  nails  were  reaoved  with  another  loss  froa  70  to  60  psi. 

The  aajor  drawback  to  this  product,  except  for  the 
original  fill  cost  of  $0.79  per  pound,  is  its  weight  of 
approxiaately  8.3  lbs  per  gal.  It  should  be 
noted  however  that  most  vehicles  required  for 
•ability  air  lift  aax  out  cubic  space  prior  to  weight 
Units.  Before  the  urethane  is  applied  to  the  inside 
lining  of  the  tire,  the  aanufactures  aold  release  aust 
be  flushed  out.  This  must  be  accomplished  to  allow  the 
urethane  to  bond  to  the  tire.  This  process  is 
accofflplished  with  a  hot  detergent. 

TECHNOLOGY    CONTACT: 


Office:  AFALC/RAOF,  WPAFB,  OH  45433-5000 

Mr.  Richard  Ulbrich,  PRAM  Project  Engineer 
AUTVON:  785-3442 
Conn:  (513)  255-3442 

USER  CONTACTS: 

Office:  4410  FLT/LGTV,  Langley  AFB,  VA  23665-5270 

Mr.  Walter  Parrish,  Chief  Mgt.  and  Equip.  Evaluation 
AUTVON:  574-4410 
Conw:  (804)  764-4410 

Office:  USAFM/MH,  WPAFB,  OH  45433-5000 

Mr.  Wendell  Ledbetter,  Team  Leader 
AUTVON:  785-6930 
Coma:  (513)  255-6930 


Urethane  Tire  Fill 
U.S.  Air  Force  Huseui 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFC0LR/TT).  Determining  the  feasibility  of  using 
this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements 
and  the  capabilities  provided  by  the  technology.  For  further  information  on  the  subject 
technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the  Technology 
Transfusion  Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFC0LR/TT, 
Wright-Patterson  AFB  OH  45433-5000  or  call  AUT0V0N  785-1606,  Commercial  (513)  255-1606. 
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Licensing 
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Delayed  Shutters  for  Dual-Beam  Molecular  Epitaxy 

RHEED  monitors  and  is  used  to  control  the  proportions  of  elements. 


A  system  of  shutters  for  a  dual-molec- 
ular-beam epitaxy  apparatus  delays  the 
start  of  one  beam  with  respect  to  another. 
Used  in  pulsed-beam  equipment  for  the 
deposition  of  low-dislocation  layers  of  InAs 
on  GaAs  substrates,  the  system  delays  the 
application  of  the  arsenic  beam  with  re- 
spect to  the  indium  beam  to  assure  the 
proper  stoichiometric  proportions  on  the 
newly  forming  InAs  surface. 

A  reflectance  high-energy  electron  dif- 
fraction (RHEED)  instrument  is  used  to 
monitor  the  condition  of  the  evolving  sur- 
face of  the  deposit.  The  RHEED  signal  is 
used  to  time  the  pulsing  of  molecular 
beams  in  a  way  that  minimizes  the  density 
of  defects  and  holds  the  lattice  constant  of 
InAs  to  that  of  the  GaAs  substrate. 

Deposition  is  alternated  with  annealing 
in  a  cyclic  process  like  that  described  in 
the  preceding  article,  "Pulsed  Molecular 
Beams  for  Growth  of  InAs  on  GaAs" 
(NPO-1 7723).  After  the  annealing  portion  of 


the  cycle,  the  surface  reverts  to  an  arsen- 
ic-stable condition  in  which  a  monolayer  of 
arsenic  accumulates  on  the  surface. 
Therefore,  the  indium  shutter  is  timed  to 
open  first  and  to  remain  open  by  itself  until 
the  In  consumes  the  starting  layer  of  As. 
The  arsenic  shutter  is  then  opened  also, 
and  indium  and  arsenic  are  deposited  on 
the  surface  together  —  this  time  with  a 
slight  excess  of  indium.  After  a  few  sec- 
onds, both  shutters  are  closed  so  that  the 
new  film  can  anneal.  The  completion  of  an- 
nealing is  monitored  by  RHEED.  The  cycle 
then  begins  again. 

This  work  was  done  by  Frank  J. 
Grunthaner,  John  L  Liu,  and  Bruce  Hancock 
of  Cattech  for  NASA's  Jet  Propulsion 
Laboratory.  For  further  information,  Grcle 
127  on  the  TSP  Request  Card. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive   license   for  its   commercial 


development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NP0-17724/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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WASATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


ESR  Measurement  of  Crystallinity  in  Semicrystalline  Polymers 

Photogenerated  free  radicals  decay  at  different  rates  in  crystalline  and  amorphous  phases. 


The  degree  of  crystallinity  in  a  polymer 
that  has  both  crystalline  and  amorphous 
phases  can  be  measured  indirectly  by  a 
technique  based  in  part  on  electron-spin- 
resonance  (ESR)  spectroscopy.  The  accu- 
racy of  crystallinity  determined  by  the  new 
technique  equals  or  exceeds  that  of  similar 
determinations  by  differential  scanning 
calorimetry,  wide-angle  x-ray  scattering,  or 
measurement  of  density. 

When  a  polymer  matrix  is  illuminated 
with  ultraviolet  light,  molecules  in  the 
matrix  decompose  partly  into  free  radicals 
that  act  as  spin  probes.  Immediately  after 
illumination,  the  radicals  are  distributed 
uniformly  throughout  the  crystalline  and 
amorphous  phases.  At  this  time,  the  con- 
centration of  the  radicals  is  measured  by 
ESR. 

Because  of  the  relatively  loose  and  ran- 
dom arrangement  of  polymer  chains  in  the 
amorphous  phase,  the  radicals  there  have 
higher  mobility  and,  therefore,  decay  more 
rapidly  after  illumination  than  do  the  radi- 
cals in  the  crystalline  phase,  where  the  pol- 
ymer chains  are  packed  more  tightly  and, 
therefore,  restrict  the  mobilities  of  the  radi- 
cals more  severely. 

When  molecules  of  a  liquid  that  does  not 
dissolve  the  polymer  are  introduced  into 
the  polymer,  they  penetrate  the  amor- 
phous phase  much  faster  than  they  pene- 
trate the  crystalline  phase.  The  plasticizing 
effect  of  the  liquid  increases  the  mobility  of 
the  free  radicals,  and,  because  this  effect 
reaches  the  amorphous  phase  first,  the 
free  radicals  there  decay  even  more  rapid- 
ly. (The  decay  occurs  through  the  recom- 
bination of  free  radicals  or  the  abstraction 
of  hydrogen.) 

After  an  appropriate  interval  that  can 
range  from  minutes  to  days,  most  of  the 
radicals  in  the  amorphous  phase  have  de- 
cayed, so  that  most  of  those  that  remain 
are  in  the  crystalline  phase.  At  this  time,  the 
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The  Intensity  of  the  ESR  Spectrum  after  16  and  40  h  of  exposure  to  chlorobenzene  is  about 
50  percent  of  the  intensity  immediately  after  exposure  to  ultraviolet.  This  indicates  about  50 
percent  crystallinity. 


concentration  of  radicals  is  again  meas- 
ured by  ESR.  Thus,  the  degree  of  crystallin- 
ity can  be  determined  from  the  ratio  of  the 
remaining  concentration  to  the  original 
concentration  of  free  radicals. 

The  technique  was  demonstrated  with 
semicrystalline  polymer,  poly(vinylidene 
fluoride).  The  figure  shows  the  ESR  spec- 
trum immediately  after  exposure  to  ultra- 
violet and  a  similar  spectrum  of  about  half 
the  original  intensity  after  16  h  of  expos- 
ure to  chlorobenzene.  A  third  spectrum 
taken  after  40  h  of  exposure  to  chloroben- 


zene shows  no  further  decay.  These  spec- 
tra indicate  a  crystallinity  of  50  percent, 
consistent  with  the  crystallinity  of  50  per- 
cent determined  by  differential  scanning 
calorimetry. 

This  work  was  done  by  Soon  Sam  Kim 
and   Fun-Dow    Tsay   of   Caltech    for 
NASA's  Jet  Propulsion  Laboratory. 
NPO—17369/TN 
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Pulsed  Molecular  Beams  for  Growth  of  In  As  on  GaAs 

Pauses  for  annealing  reduce  the  number  of  defects. 


A  deposition  process  that  includes  pulsed 
molecular  beams  produces  high-quality 
epitaxial  layers  of  indium  arsenide  (InAs)  on 
gallium  arsenide  (GaAs)  substrates.  The 
layers  can  be  made  as  much  as  30  atoms 
thick  without  introducing  excessive  num- 
bers of  dislocations,  despite  the  7.4-per- 
cent mismatch  between  InAs  and  GaAs 
crystal  lattices.  The  layers  therefore  offer 
superior  electrical  properties  in  such 
devices  as  optically  addressed  light  mod- 
ulators, infrared  sensors,  semiconductor 
lasers,  and  high-electron-mobility  transis- 
tors (HEMTs). 

Pulsing  the  beam  gives  newly  deposited 
material  time  for  annealing  between  pulses. 
During  annealing,  roughness  on  the  sur- 
face disappears  so  that  the  material 
presents  a  smooth  surface  for  the  next 
layer.  With  fewer  discontinuities  to  serve  as 
sites  for  dislocations,  the  material  de- 
posited by  the  next  pulse  of  molecules  also 
tends  to  contain  fewer  imperfections. 

A  beam  pulse  lasts  a  few  seconds  — 
long  enough  to  deposit  V*  to  2  atomic 
layers  of  InAs  on  the  GaAs  substrate.  A 
slight  excess  of  indium  is  provided  in  the 
beam  to  ensure  high  migration  rates  in  the 
film  —  and  rapid  smoothing  —  after  the 


beam  has  stopped.  During  the  off  period, 
arsenic  gas  surrounding  the  film  combines 
with  the  excess  indium  so  that  the  film  in- 
corporates indium  and  arsenic  in  the 
stoichiometric  proportions  essential  for 
good  electrical  properties. 

A  reflectance  high-energy  electron  dif- 
fraction (RHEED)  instrument  monitors  the 
surface  of  the  wafer  during  the  process. 
The  annealing  process  requires  from  a  few 
seconds  to  2  minutes.  When  the  RHEED 
specular  reflectance  reaches  a  maximum, 
annealing  is  complete.  At  that  point,  the 
molecular-beam  epitaxy  with  indium  and 
arsenic  beams  is  resumed  and  another 
pulse  of  molecules  impinges  on  the  sub- 
strate. The  cycle  is  repeated  until  an  InAs 
layer  of  the  requisite  thickness  has  been 
deposited. 

The  pulsing/annealing  technique  re- 
duces the  variations  in  the  thickness  of 
strained  quantum  wells,  yielding  interfaces 
of  better  quality  —  a  further  benefit  with 
respect  to  electrical  performance  in  semi- 
conductor devices.  The  technique  is  ap- 
plicable to  other  epitaxial  systems  in  which 
lattices  are  highly  mismatched:  GaAs  on 
Si,  InAs  on  Si,  and  AJAs  on  GaAs,  for  exam- 
ple. 


This  work  was  done  by  Frank  J. 
Grunthaner  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NP0-17723/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Lymphokines  Combat  Bacterial  Infections 


Physicians  may  someday  add 
lymphokines  to  their  arsenal  of 
weapons  to  combat  bacterial 
infections,  according  to  inves- 
tigators at  the  Charles  R.  Drew 
University  of  Medicine  and  Sci- 
ence in  Los  Angeles,  Califor- 
nia. 

They  have  shown  that  a  com- 
bination of  an  antibiotic  and 
lymphokines,  soluble  hormone- 
like compounds  secreted  by 
activated  immune  cells,  is  effec- 
tive in  treating  intra-abdominal 
abscesses  in  mice.  In  humans 
bacterial  intra-abdominal  ab- 
scesses may  form  after  surgery 
or  as  a  result  of  gunshot 
wounds  or  other  types  of 
trauma.  They  are  resistant  to 
treatment  with  antibiotics  alone 
and  often  require  surgical  pus 
drainage  combined  with  anti- 
biotic therapy. 

Dr.  Sastry  V.  S.  Pollapudi, 
assistant  professor  of  pathology 
at  Charles  R.  Drew  University 
and  assistant  adjunct  professor 
of  basic  and  clinical  immunol- 
ogy at  the  University  of  Califor- 
nia, Irvine,  and  his  associates 
immunized  mice  with  Bacte- 
roides  fragilis,  an  anerobic  bac- 


terium, and  isolated  immunore- 
active  cells,  or  lymphocytes, 
from  their  spleens.  The  re- 
searchers cultivated  the  lym- 
phocytes in  growth  medium  for 
24  hours  with  or  without  con- 
canavalin  A  (con  A),  a  plant 
protein  that  induces  some  types 
of  immune  cells  to  grow  and 
secrete  lymphokines.  They  used 
the  lymphokine  preparation 
(cell-free  growth  medium  of 
lymphocytes  incubated  with 
con  A)  alone  or  in  combination 
with  clindamycin,  an  antibiotic 
that  is  effective  against  the  bac- 
terium, to  treat  mice  with  intra- 
abdominal abscesses  caused  by 
B.  fragilis. 

Treatment  with  lymphokines 
and  clindamycin  cured  the 
abscesses  in  50  percent  of  the 
infected  mice.  Treatment  with 
the  antibiotic  alone  cured  only 
10  percent  of  the  animals,  and 
treatment  with  only  the  lym- 
phokines had  no  effect. 

The  effects  of  the  lympho- 
kines were  dose  dependent. 
Doubling  or  tripling  the  amount 
of  lymphokines  delivered  with 
clindamycin  increased  the  ab- 
scess cure  rate  to  80  percent.  At 

Dr.  Sastry  V.  S.  Gollapudi, 
assistant  professor  of  pathology 
at  Charles  R.  Drew  University  of 
Medicine  and  Science  in  Los 
Angeles,  California,  is  studying 
combinations  of  lymphokines 
and  antibiotics  for  treatment  of 
intra-abdominal  abscesses 
caused  by  gram-negative 
bacteria. 
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the  same  time  the  number  of 
live  bacteria  that  could  be  iso- 
lated from  the  pus  decreased 
significantly. 

The  investigators  emphasize 
that  lymphokine  therapy  is  still 
in  the  experimental  stage.  It  is 
under  investigation  in  several 
animal  models  but  is  not  in 
clinical  use  for  any  type  of  infec- 
tion. Dr.  Gollapudi  believes, 
however,  that  this  therapy  is 
likely  to  be  employed  even- 
tually. "Lymphokine  therapy  is 
likely  to  be  applicable  to  other 
types  of  infections  that  are  diffi- 
cult to  cure  by  antibiotic 
therapy,"  he  says. 

Lymphokines  belong  to  a 
large  group  of  cell  products 
called  immunomodulators  that 
affect  the  mammalian  immune 
system.  The  researchers  specu- 
late that  lymphokines  promote 
abscess  healing  by  one  of  two 
methods:  They  either  enhance 
the  antibacterial  effect  of  clin- 
damycin or  stimulate  the  anti- 
bacterial defense  mechanisms  of 
the  mice.  Further  research  will 
be  necessary  to  determine 
which  of  the  two  mechanisms 
actually  takes  place,  they  say. 

The  lymphokine  preparation 
used  by  the  research  group 
probably  contained  a  variety  of 
lymphokines,  and  it  is  not  clear 
which  of  them  was  effective  in 
clearing  the  abscesses.  Nev- 
ertheless, the  investigators  say 
they  can  exclude  some  of  the 
components  of  the  preparation; 
among  them  con  A,  antibodies 
to  B.  fragilis,  and  lymphokines 
from  nonimmune  animals. 

Immune  spleen  cells  that 
were  not  treated  with  con  A 
produced  antibodies  to  B.  frag-  > 
His  but  did  not  produce  lympho- 
kines. Preparations  from  those 
cells  were  ineffective,  demon- 
strating that  antibodies  do  not 
play  a  major  role  in  clearing  B. 
fragilis  abscesses.  Other  inves- 
tigators have  shown  that  anti- 
bodies do  not  provide  protec- 
tion against  development  of  the 
abscesses  in  mice. 

Nonspecific  factors  also  ap- 
peared to  be  ineffective  in  treat- 
ing the  abscesses.  Capable  of 
acting  on  a  number  of  different 
cell  types,  these  factors  are  pro- 
duced by  lymphocytes  from 
both  immune  and  nonimmune 
animals.  The  researchers  cau- 
tion, however,  that  nonspecific 
factors,  while  not  sufficient  to 
enhance  antibiotic  clearance  of 
abscesses,  may  be  required  for 


( 


the  process. 

Dr.  Gollapudi  says  that  thera- 
peutic trials  of  lymphokine 
therapy  can  begin  only  after  the 
active  lymphokines  have  been 
identified.  It  is  still  too  early  in 
the  research  process  to  even 
guess  when  that  will  happen, 
he  says. 

There  are  no  obvious  con- 
traindications to  lymphokine 
therapy,  Dr.  Gollapudi  says, 
but  he  adds  that,  "A  great  deal 
has  to  be  done  before  we  can 
answer  questions  of  that  type. 
Some  of  the  lymphokines  have 
adverse  effects.  We  have  to 
work  out  the  doses  and  regi- 
mens before  we  can  actually 
begin  work  in  a  clinical  trial." 


Additional  reading: 

1.  Gollapudi,  S.  V.  S.,  Gupta, 
A.,  Thadepalli,  H.,  and  Perez, 
A.,  Use  of  lymphokines  in  treat- 
ment of  experimental  intra- 
abdominal abscess  caused  by 
Bacteroides  fragilis.  Infection  and 
Immunity  56:2369-2372,  1988. 

2.  Van'Der  Meer,  J.  W.  M., 
Barza,  M.,  Wolf,  S.  M.,  and 
Dinarello,  C.  A.,  A  low  dose  of 
recombinant  interleukin-1  pro- 
tects granulocytopenic  mice 
from  lethal  gram-negative  infec- 
tion. Proceedings  of  the  National 
Academy  of  Sciences  USA  85:1620- 
1623,  1988. 

3.  Weyand,  D.,  Goronzy,  J., 
Fathman,  C.  G.,  and  O'Hanley, 
P.,  Administration  in  vivo  of 
recombinant  interleukin-2  pro- 
tects mice  against  septic  death. 
Journal  of  Clinical  Investigation 
79:1756-1763,  1987. 

4.  Joiner,  K.,  Lowe,  B.,  Dzink, 
J.,  and  Bartlett,  J.  G.,  Compara- 
tive efficacy  of  10  antimicrobial 
agents  in  experimental  infection 
with  Bacteroides  fragilis.  Journal 
of  Infectious  Diseases  145:561-568, 
1982. 

The  research  described  in  this  article 
was  'supported  in  part  by  the 
Minority  Biomedical  Research  Sup- 
port Program  of  the  NIH  Division 
of  Research  Resources. 
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Research  Resources  Information  Center 
1601  Research  Boulevard  * 

Rockville,  MD  20850  ( 
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Principal  Investigator: 
Carolyn  F.  Moyer,  D.V.M. 

Wake  Forest  University 
Bowman  Gray  School  of  Medicine 
Winston-Salem,  North  Carolina  27103 
(919)  764-3600 


Resources 
Provided 


•  Diagnostic  Services:  Diagnosis  and  study  of 
laboratory  animal  disease  with  special  empha- 
sis on  nonhuman  primates.  Information,  tissues, 
and  possible  collaboration  on  nonhuman  pri- 
mates. The  resource  staff  is  particularly  inter- 
ested in  cardiovascular  disease,  reproductive 
problems,  perinatal  mortality,  and  skeletal  dis- 
ease in  primates.  Referrals  or  information  on  pri- 
mate disease  are  welcomed,  as  are  offers  of  or 
requests  for  nonhuman  primate  tissues. 

•  Contact  Person:  Carolyn  F.  Moyer,  D.V.M. , 
(919)  764-3600. 


Research 
Emphasis  or 
Application 


•  Basic  Objective:  To  find  and  characterize  dis- 
ease entities  of  nonhuman  primates  that  may  be 
useful  in  biomedical  research. 

•  Current  Research:  Factors  influencing  repro- 
ductive success  in  nonhuman  primates. 
Macaca  spp.  and  Papio  anubis  as  models  of 
metabolic  bone  disease.  Naturally  occurring  cir- 
culating immune  complexes  in  nonhuman  pri- 
mates as  a  complicating  factor  in  research. 
Animal  models  of  thrombasthenia. 
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Bodyfat  Measurement 


A  sophisticated  device  for  measuring  bodyfat  is  proving  to  be  especially  useful  for  middle  aged  and 
elderly  women  suffering  bone  loss.    Known  as  TOBEC  (for  "total  body  electrical  conductivity"),  the 
instrument  may  be  superior  to  the  longtime  standard  technique  -  underwater  weighing  -  for 
accurately  checking  body  composition.  The  measurements  determine  how  much  of  a  person's  body  is 
lean  and  how  much  is  fat.   Many  nutritionists  and  physicians  now  say  bodyfat  measures  are  a  better 
indication  of  overall  health  than  body  weights  dictated  by  the  widely  used  height-weight  tables. 
When  weighed  underwater,  post-menopausal  women,  who  lose  at  least  1  percent  of  their  bone  mass 
each  year  between  ages  50  to  65,  will  show  up  as  less  lean  than  they  actually  are  because 
underwater  weighing  does  not  accurately  compensate  for  the  effects  of  the  loss  of  bone.  Although  a 
second  test  -  a  bone  scan  usually  done  by  photon  absorptiometry  -  will  correct  the  measurement, 
TOBEC  quickly  provides  an  accurate  reading  in  one  step,  not  two. 

FOR  ADDITIONAL  INFORMATION:  Body  Composition  and  Energy  Metabolism  Research,  Western 
Human  Nutrition  Research  Center,  San  Francisco,  CA,  Marta  Van  Loan,  (415)556-5729.  / 


365 


Natural  Resources 
Technology  &  Engineering 


0366    Measuring  Phytoplankton  From  Satellites — Present  and  future  methods 
are  examined. 


Testing  &  Instrumentation 

0367     Pore-Fluid  Extraction  Vessel 


( 


( 


IWNSATech  Brief 


National  Aeronautics  and 

A      Space  Administration 


Measuring  Phytoplankton 
From  Satellites 

Present  and  future  methods 
are  examined. 

A  report  reviews  methods  of  calculating 
the  concentration  of  phytoplankton  from 
satellite  measurements  of  the  color  of  the 
ocean  and  using  such  calculations  to  es- 
timate productivity  of  phytoplankton.  Satel- 
lites have  a  unique  ability  to  measure  the 
quantity  of  phytoplankton  quickly  on  a  re- 
gional or  ocean-basin  scale.  Satellite  ob- 
servations are  the  only  way  to  obtain  a 
comprehensive  view  of  the  ocean  because 
they  can  give  global  coverage  in  1  or  2 
days.  The  information  will  aid  in  under- 
standing the  role  of  the  ocean  in  the  global 
carbon  dioxide  cycle. 

As  phytoplankton  and  their  chlorophyll 
become  more  abundant,  the  color  of  the 
ocean  shifts  from  blue  to  green.  Color 
scanners  aboard  satellites  detect  this  shift, 
providing  the  raw  spectral  data  for  use  in 
calculations  of  concentration  and  produc- 
tivity. 


The  report  describes  the  Coastal  Zone 
Color  Scanner  (CZCS),  which  was  launched 
aboard  the  Nimbus  7  satellite  and  is  the  on- 
ly instrument  to  date  designed  especially  to 
measure  the  color  of  the  ocean.  The  report 
discusses  algorithms  that  correct  the  raw 
spectral  data  to  remove  the  effects  of 
backscattered  sunlight  and  microscopic 
particles  in  the  atmosphere.  It  discusses 
algorithms  that  take  account  of  the  absorp- 
tion and  scattering  properties  of  water  and 
of  dissolved  and  suspended  constituents, 
including  sediments,  phytoplankton,  and 
products  of  the  degradation  of  phytoplank- 
ton. 

The  report  goes  on  to  discuss  ways  of 
estimating  rates  of  production  of  phyto- 
plankton from  measurements  of  concen- 
tration. The  only  method  used  thus  far  has 
been  based  on  the  correlation  of  satellite 
measurements  with  shipboard  measure- 


ments or  published  values.  Much-better 
estimates  can  be  obtained  if  such  factors 
as  light  and  the  supply  of  nutrients  are 
taken  into  account.  Mathematical  models 
that  include  these  factors  as  well  as 
satellite  data  are  undergoing  development, 
as  are  satellite  instruments  that  will  provide 
the  necessary  data. 

This  work  was  done  by  CO.  Davis  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Measuring  Phytoplankton 
Biomass  and  Productivity  From  Space. " 
NPO-17608/TN 


FOB  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Technology  News 

From  the  Bureau  of  Mines,  United  States  Department  of  the  interior 

Pore-Fluid  Extraction  Vessel 


Several  different  technologies  exist  for  extracting  pore  fluids  from  porous  solids.    Among  them 
are  vacuum  distillation,  high-speed  centrifuging,  and  mechanical  compression.    Preliminary 
investigations  have  shown,  however,  that  mechanical  compression  is  the  most  suitable  and 
productive  extraction  method  for  satisfying  the  information  needs  outlined  above. 

The  agencies  have  designed  and  built  a  compression  vessel  that  works  through  a  combination  of 
mechanical  compression  and  inert-gas  injection  to  extract  pore  fluids  (see  drawing).    The 
principal  components  are  (1)  composite,  prestressed  confining  cylinders  of  high-strength  steel 
(sample  sleeve  and  inner  and  outer  corpus  rings);  (2)  cylindrical  drainage  plates  that  allow  pore 
fluids  to  drain  through  side  ports  which  remain  open  in  the  small  clearance  between  the  plates  and 
the  sample  sleeve;  (3)  a  loading  piston  with  piston  guide  and  flange;  and  (4)  a  base  to  support  the 
vessel. 

Drainage  occurs  in  two  directions  to  reduce  developing  high  excess  fluid  pressure  and  to  speed 
completing  the  test.    Pore  gas  and  water  drain  to  disposable  plastic  tubes,  which  in  turn  lead  to 
exchangeable  plastic  syringes.   Pressurized  inert  gas  can  be  injected  through  the  tube  attached  at 
one  end  of  the  specimen  to  drive  residual  water  to  the  other  end  when  the  limits  of  mechanical 
compression  are  reached.   Testing  indicates   that  gas  injection  recovers  water  if  the  specimen  is  in 
a  state  of  full  saturation,  either  naturally  or  through  the  mechanical  compression  of  voids. 

The  vessel  will  hold  specimens  ranging  from  2  to  4  (50  to  100  mm)  in  height  and  2.4  inches  (60 
mm)  in  diameter  (produced  by  a  standard  core  bit).    Smaller  sleeves  can  be  installed  for  smaller 
diameter  samples. 

The  present  vessel  can  safely  withstand  an  internal  pressure  of  80,000  Ib/in2  (550  MPa).    The 
equivalent  axial  pressure  corresponds  to  an  axial  load  of  about  360,000  pounds  (1,600  kN). 

The  agencies  have  designed  and  are  constructing  a  higher  capacity  vessel.  The  new  vessel  will  safely 
withstand  an  internal  pressure  of  120,000  Ib/in2  (825  MPa).    The  equivalent  axial  pressure 
corresponds  to  an  axial  load  of  about  540,000  pounds  (2,400  kN). 

When  holding  a  4-inch  (100-mm)  tall  specimen,  the  new  vessel  will  be  roughly  20  inches  (510 
mm)  high.    The  outside  diameter  will  be  roughly  7  inches  (180  mm).    The  vessel  will  be 
constructed  primarily  of  high-strength  maraging  C-250  steel. 

The  vessel  has  general  practicality  in  studies  requiring  pore  gas  and  water  to  be  extracted  from 
stiff  pourous  solids  (like  rock  or  hardened  cement  mortar),  even  if  they  have  low  initial  degrees  of 
saturation.    Fluid  chemistry,  gas  chromatography,  and  age  dating  analyses  can  provide  information 
for  scientific,  environmental,  and  engineering  studies.    Therefore,  the  potential  application  of  this 
invention  is  very  broad. 

The  Bureau  of  Reclamation  is  interested  in  a  licensing  agreement  with  a  private  firm  to  further 
develop  and  commercialize  this  technology.   A  patent  application  has  been  filed. 

FOR  ADDITIONAL  INFORMATION:  Danny  L  King,  Research  and  Laboratory  Services  Division,  Bureau 
of  Reclamation  P.O.  Box  25007,  D-3700C,  Denver,  Colorado  80225;  (303)236-4517.     Refer  to 
NT-89-7TN. 
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0368    Separating  Isotopes  With  Laser  and  Electron  Beams — The  need  for  a 
second  laser  is  eliminated.  (Licensing  Opportunity) 


Testing  &  Instrumentation 

0369  Oil  Analysis  Spectrometer 

0370  Electronic  Rotator  for  Sheet  of  Laser  Light — A  sine/cosine  potentiometer 
is  used  to  orient  two  galvanometer/mirror  devices  simultaneously. 

0371  Probe  Samples  and  Cools  Hot  Gas — The  sampled  gas  enters  an  inner 
tube  immersed  in  flowing  coolant. 


0372     Scanning  Photoelectron-Emission  Inspection  Equipment — Surfaces  to 
be  bonded  are  tested  for  cleanliness. 


Other  Items  of  Interest 

0344    Optical  Measurement  of  Sound  Pressure — A  noninvasive  technique 
does  not  disturb  the  field  it  measures. 

0347    An  Evaluation  of  Trend  Detection  Techniques  for  Use  in  Water  Quality 
Monitoring  Programs 

0367     Pore-Fluid  Extraction  Vessel 


(WNSATechBnef 

•       National  Aeronautics  and 
Space  Administration 

NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Separating  Isotopes  With  Laser  and  Electron  Beams 

The  need  for  a  second  laser  is  eliminated. 


In  a  scheme  for  the  separation  of  iso- 
topes, electrons  of  suitable  kinetic  energy 
ionize  a  specific  isotope  that  has  been  ex- 
cited by  a  laser  beam  in  a  magnetic  field.  In 
most  other  schemes,  the  excited  isotopes 
are  photoionized  or  photodissociated  by 
second  laser  beams.  Ionization  by  electron 
beams  is  cheap  and  efficient  in  compari- 
son to  ionization  by  laser  beams,  and  it  re- 
quires no  special  technical  developments. 
The  feasibility  of  the  new  scheme  has  been 
demonstrated  in  the  selective  ionization  of 
Ba138,  making  possible  the  separation  of 
this  isotope  from  the  Ba  isotopes  of  atomic 
weight  130, 132, 134, 135, 136,  and  137. 

The  beam  of  atoms  including  mixed  iso- 
topes is  projected  through  a  vacuum  per- 
pendicular to  an  applied  magnetic  field. 
The  beam  of  electrons  is  collimated  by,  and 
travels  along,  the  magnetic  field,  striking 
the  beam  of  atoms.  The  laser  beam,  which 
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Figure  1.  The  Desired  Isotope  Is  Separated 

from  others  in  the  same  atomic  species  by 
a  process  of  excitation  and  ionization 
followed  by  electrostatic  deflection. 
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Figure  2.  The  Energy-Level  Diagram  of  Ba  shows  the  isotopic  and  hyperf  ine  structure  of  the 
1 P  level  and  the  Zeeman  splitting  for  the  138  isotope  in  a  magnetic  field  of  100  Gauss.  The  MF 
=  -1  level  of  the  isotope  138  is  well  separated  from  the  other  levels  and  can.  therefore,  be 
excited  selectively. 


is  perpendicular  to  both  the  magnetic  field 
and  the  beam  of  atoms,  illuminates  the 
beam  of  atoms  at  the  point  of  incidence  of 
the  electrons  (see  Figure  1). 

The  frequency  and  polarization  of  the 
laser  beam  are  chosen  to  excite  an  elec- 
tronic energy  level  of  the  desired  isotope 
that  is  well  separated  from  the  correspond- 
ing levels  of  the  other  isotopes.  Typically, 
this  would  be  the  lowest  magnetic  sublevel 
of  the  desired  isotope.  In  the  case  of  Ba 138, 
it  would  be  the  MF  =  - 1  sublevel  of  the 
F  =  1  level  [where  F  and  MF  are  the  quan- 
tum numbers  of  the  total  (nuclear  plus 
electronic)  angular  momentum  and  the 
component  of  the  total  angular  momentum 
along  the  magnetic  field,  respectively]. 
Alternatively  or  in  addition  to  adjusting  the 


frequency  of  the  laser  beam,  one  could  ad- 
just the  magnetic-flux  density  to  tune  the 
excitation  to  the  desired  energy  level  or 
levels  via  the  Zeeman  splitting  of  levels  of 
different  MF. 

The  kinetic  energy  of  the  incident  elec- 
trons must  be  chosen  so  that  they  ionize 
the  excited  atoms  (of  the  isotope  to  be 
selected),  but  not  the  atoms  in  the  ground 
state  (the  other  isotopes).  Consequently, 
the  energy  must  exceed  the  ionization 
energy  of  the  desired  species  but  be  less 
than  the  ionization  energy  of  the  ground- 
state  species.  In  the  case  of  Ba138,  this 
means  that  the  energy  must  lie  between 
2.97  and  5.21  eV  This  requirement  is  easily 
satisfied  with  a  magnetically  collimated 
electron  gun. 
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The  excitation  and  ionization  processes 
take  place  continuously  in  the  beam  of 
atoms.  The  desired  isotope  is  finally  select- 
ed by  electrostatic  deflection  of  the  ions 
out  of  the  beam. 


This  work  was  done  by  Sandor  Trajmar 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA  (U.S. 
Patent  No.  4,704,197).  Inquiries  con- 
cerning nonexclusive  or  exclusive  license 
for  its  commercial  development  should  be 
addressed  to  the  Patent  Counsel,  NASA 
Resident  Office-JPL.  Refer  to 
NPO-16907/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Oil  Analysis  Spectrometer 


SYNOPSIS 

Spectroil  Jr  is  a  compact,  rugged,  transportable,  easy-to-use  oil 
analysis  spectrometer.  Spectroil  Jr  is  a  bench-top  direct  reading 
optical  emission  spectrometer  used  for  on-site  simultaneous 
analysis  of  wear  metals,  contaminants  and  additives  in  lubricating 
and  hydraulic  oils.  The  Spectroil  Jr  uses  the  well  established 
atomic  emission  (AE)  rotating  disc  method  (see  photo  at  right). 
This  method  provides  cost  effective  predictive  maintenance  data  for 
all  U.S.  Air  Force,  Army  and  Navy  aviation  oil-wetted  mechanical 
systems.  Spectroil  Jr  incorporates  fiber  optics  (see  TechTIP  Ho. 
88001),  to  provide  stable  operation  in  non-laboratory  environments 
that  are  consistent  with  lab  tests  to  ensure  continuing  trend 
development  information,  and  microprocessor  control  for  simple  and 
rapid  operation.  Fiber  optics  (continued  on  reverse) 

APPLICATIONS 

Fielded:      U.S.  Air  National  Guard  (RF-4C,  F-16A&B);  USAF 

Thunderbirds;  Royal  Netherlands  Air  Force  and  Navy; 
Royal  Canadian  Aroed  Forces. 


ATOMIC  EMISSION  ROTATING  DISC 


AIR     FORCE     R&M     2000     GOAL     HIGHLIGHTS 

Increase  Combat  Capability:  On-site  oil  analysis  reduces  aircraft  and  equipment  turnaround  times  by  being  readily 
available  for  use  on  the  flightline  for  daily  flying  schedules,  exercise  or  combat  situations. 

Decrease  Mobility  Requirements:  Smaller  size,  23"  X  39"  X  22-1/2";  no  requirement  for  separate  shelter  or 
environmentally  controlled  building. 

Decrease  Vulnerability:  Unit  is  portable,  can  be  moved  easily  by  three  personnel  (see  picture  on  back). 

Decrease  Cost:  Unit  cost  is  approximately  21%  less  than  non-portable  equipment. 

BENEFITS  /DRAWBACKS 

Spectroil  Jr  can  be  applied  to  all  aircraft  and  ground  support  equipment  currently  monitored  by  the  DoD  Joint  Oil 
Analysis  Program  (JOAP)  See  Technical  Order  33-1-37-3,  Joint  Oil  Analysis  Manual  for  aircraft,  and  -4  Manual  for  ground 
equipment.  Spectroil  Jr  is  user-friendly,  and  after  only  1  to  2  hours  of  training,  operation  is  easily  mastered  by 
all  Joint  Oil  Analysis  Personnel.    Spectroil  Jr  is  performing  well  in  the  JOAP  correlation  (continued  on  reverse  side) 

DOCUMENTATION 

The  official  name  is:  Spectrometer,  Oil  Analysis,  Portable,  Kodel  OAJ-01;  Spectroil  Jr  is  available  through  GSA 
contract  Number  GS-OOF-93732,  Laboratory  Equipment  and  Instruments  FSC  Group  66,  Part  II,  Section  M  FSC  Class  6650 
Special  Item  No.  66-80. 
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SYNOPSIS   ( cont z ) 

transmit  light  from  excitation  to  the  optical  system  where  the  wear  metals  are  detected  and  later  quantified.    A 
complete  analysis  of  up  to  15  chemical  elements  is  produced  in  approximately  30  seconds  from  each  sample  evaluated. 
Analysis  results  are  displayed  on  a  built-in  CRT  (Cathode  Ray  Tube)  and  can  be  sent  to  a  printer  or  remote  computer. 

BENEFITS/DRAWBACKS     (cont:) 

program.    Using  Spec t roil  Jr,  an  oil  sample  can  be  analyzed  within  minutes  after  it  is  taken.  Each  sample  processed  by 
the  Spectroil  Jr  requires  no  special  preparation  such  as  dilution  prior  to  evaluation.    Spectroil  Jr  requires  no  special 
materials  such  as  cooling  water,  compressed  gases  or  solvents.    Spectroil  Jr  expedites  turnaround  times  of  aircraft  and 
equipment  during  daily  operating  schedules,  exercises,  and  combat  situations.  Until  the  development  of  Spectroil  Jr,  the 
capability  of  atomic  emission  (AE)  oil  analysis  in  the  JOAP  program  has  been  restricted  to  fixed  sites  and  central 
laboratories.    Spectroil  Jr  is  the  first  instrument  designed  and  successfully  fielded  for  operation  as  a  mobile 
spectrometer. 

Portability  and  deployability  are  the  major  benefits  of  the  Spectroil  Jr.    Its  size  of  23"  X  39"  X  22-1/2"  (see  picture 

below)  allow  it  to  be  moved  from  one  location  to  another  with  minimum  delays  in  operating  down  time.    Height  of  the 

Spectroil  Jr  is    approximately  200  pounds  (100kg). 

It    has  a  step-up  transformer  (to  be  used  with  120 

VAC)      which  adds  75  pounds  (35kg)    to  the  overall 

deployment  weight.    It  is  small,  yet  rugged  enough 

for    field    deployment  and    provides    oil  analysis 

c:i-site    and    away    from    the    central  laboratory. 

3p:ctroil    Jr  is  designed  to    operate  in  the  field 

under      non- laboratory     conditions;       its     only 

rtquirement    is  electrical    power.    It  operates  on 

110/220  VAC,    50  or  60  Hz  power  which  produces  750 

watts    for  sparking.    Support  requirements  such  as 

separate    operating    shelters    or    environmentally 

controlled      buildings    are    eliminated    with    the 

Spectroil  Jr.    It  is  mobile  enough  to  operate  from 

the    back    of    a  truck    or    in    a  hardened-shelter 

environment.    The  acquisition  cost  of  Spectroil  Jr 

is    approximately  73%  of  comparable,    non-portable 

equipment.    All  accessories  which  include  graphite 

rods  and  disk  electrodes,    caps  and  JOAP  standards 

are    readily    available    in    the    military    supply 

system. 

The    only  drawback  to  be  considered:    at  this  tine 
the  Spectroil  Jr  is  a  sole  source  item. 

USER    CONTACT 

Office:  124th  TRG/KAFPN 
KSgt  Bill  Slupe 

P.O.  Box  45,  Boise,  Idaho  83707 
AUTOVOH:  941-5457 
Coma:  (208)  389-5457 

TECHNOLOGY    CONTACT; 

Office:  Technical  Support  Center-JOAP-TFC 
SKSgt  Nike  Cassady 

HAEC  Bldg  780,  HAS  Pensacola,  FL  32508-5300 
AUTOY0N:  922-3191 
Comm:  (904)  452-3191 


SPECTROIL  JR  UNIT 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFC0LR/TT).    Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.    For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Prograi  are  welcomed  and  should  be  addressed  to  AFCOLR/TT 
Wright-Patterson  AFB,  OH    45433-5000  or  call  AUTOVOK  785-1606,  Commercial  (513)  255-1606. 
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Electronic  Rotator  for  Sheet  of  Laser  Light 

A  sine/cosine  potentiometer  is  used  to  orient  two  galvanometer/mirror  devices  simultaneously. 


The  primary  flow-visualization  system  in 
the  Basic  Aerodynamic  Research  Tunnel 
(BART)  at  NASA  Langley  Research  Center 
is  a  sheet  of  laser  light  generated  by  a  5-W 
argon-ion  laser  and  a  two-axis  mirror  gal- 
vanometer scanner.  The  system  generates 
single  and  multiple  sheets  of  light,  which 
can  remain  stationary  or  be  driven  to 
sweep  out  a  volume. 

A  feature  not  directly  achievable  with 
the  original  version  of  this  system  was  the 
ability  to  rotate  a  single  sheet  of  light 
through  360°.  Several  schemes  to  ac- 
complish this  rotation  were  investigated 
and  ruled  out  as  too  complex  or  time  con- 


suming. However,  the  use  of  a  sine/cosine 
potentiometer  —  an  approach  based  on 
technology  developed  in  the  early  1940's  to 
generate  plan-position-indicator  (PPI)  dis- 
plays for  radar  systems  —  yielded  the  de- 
sired result  at  reasonable  cost  and  was  in- 
corporated into  a  prototype  in  1  day. 

Figure  1  is  a  simplified  layout  of  the 
BART  two-axis  laser-light-sheet  system.  If  a 
sinusoidal  waveform  is  applied  to  the  /gal- 
vanometer, a  vertical  (0  =  0°)  sheet  of  light 
is  formed  as  the  laser  beam  is  repeatedly 
scanned  through  a  vertical  arc.  If  the  sine 
wave  is  applied  only  to  the  X  galvanome- 
ter, a  horizontal  (0  =  90°)  sheet  of  light  is 
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Figure  1.  Two  Mirrored  Galvanometers  and  an  Argon-Ion  Laser  generate  sheets  of  laser 
light. 
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Figure  2.  The  Sheet  of  Light  Is  Rotated  by  use  of  the  sine/cosine  potentiometer  and  inverting 
circuitry. 


formed.  To  generate  a  sheet  of  light  at  any 
angle  0,  the  X  galvanometer  should  be  fed 
a  signal  equal  to  the  input  sine  wave  times 
sin  0,  and  the  Y  galvanometer  should  be 
fed  a  signal  equal  to  the  input  sine  wave 
times  cos  0.  In  practice,  the  input  is  a 
sawtooth  or  triangular  waveform  instead  of 
a  sine  wave.  The  use  of  linear  waveforms 
yields  a  fanned  beam  of  uniform  intensity, 
whereas  a  sinusoidal  waveform  produces 
a  sheet  of  light  that  is  brighter  at  the  edges 
than  at  the  center,  following  the  probability 
distribution  of  the  input  signal. 

The  schematic  diagram  of  the  electron- 
ics used  to  rotate  the  light  sheet  is  shown  in 
Figure  2.  The  input  waveform  is  combined 
with  a  buffered  variable  offset  and  inverted 
with  amplifier  LI?  Amplifier  l/1  is  a  high-im- 
pedance, unity-gain  buffer.  Amplifier  U3  is 
another  unity-gain  inverter  and  is  used  to 
generate  a  negative  replica  of  the  output  of 
U2  The  outputs  of  U2  and  U3  are  fed  to  the 
+  and  -  end  contacts  of  the  sine/cosine 
potentiometer.  Since  the  +  and  -  signals 
are  of  the  same  shape  but  opposite  in  po- 
larity, the  center  taps  are  at  0  V  and  are 
connected  to  ground.  The  sine  and  cosine 
outputs  are  buffered  with  high-impedance, 
unity-gain  amplifiers  UA  and  U5.  The  buff- 
ered outputs  are  connected  to  the  X  and  Y 
galvanometer  drivers. 

The  prototype  was  tested  by  substituting 
the  X  and  V  inputs  of  an  oscilloscope  for 
the  galvanometers.  If  the  oscilloscope  is 
left  connected  to  the  X  and  V  outputs  while 
the  galvanometers  are  connected,  the  os- 
cilloscope can  be  used  to  monitor  remotely 
the  position  of  the  sheet  of  light  in  real  time. 
Subsequent  testing  was  performed,  and 
the  completed  unit  is  in  full  operation  at  the 
BART  facility. 

This  work  was  done  by  John  M.  Franke, 
David  B.  Rhodes,  Bradley  D.  Leighty,  and 
Stephen  B.  Jones  of  Langley  Research 
Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel.  Langley  Research 
Center.  Refer  to  LAR-13836/TN. 
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National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Probe  Samples  and  Cools  Hot  Gas 

The  sampled  gas  enters  an  inner  tube  immersed  in  flowing  coolant. 


In  many  aeronautical  applications,  it  has 
been  found  necessary  to  sample  hot  gas 
streams,  the  temperatures  of  which  are 
well  above  the  melting  temperatures  of 
nonreactive  candidate  probe  materials.  In 
addition,  there  is  often  a  requirement  to 
condition  a  gas  sample  to  a  particular  tem- 
perature and  pressure  in  a  specified  time. 

A  simple  concentric-tube  gas-sampling 
probe,  illustrated  in  the  figure,  was  devel- 
oped for  this  type  of  application.  The  probe 
includes  a  straight  outer  tube  and  an  inner 
tube,  which  is  bent  to  be  concentric  to  the 
outer  tube  at  one  end  and  tangent  to  the 
outer  tube  in  the  sampling  region  at  the 
other  end.  The  two  tubes  are  brazed  to- 
gether along  the  sampling  region  and  at 
the  end  to  prevent  the  sampled  gas  and  the 
cooling  stream  from  mixing.  The  inner  tube 
contains  the  sampled  gas,  and  the  space 
outside  the  inner  tube  but  inside  the  outer 
tube  is  the  path  for  the  cooling  stream. 

In  the  sampling  region,  gas-sampling 
holes  are  drilled  through  the  brazed  walls 
to  permit  gas  to  flow  into  the  inner  tube. 
The  braze  fillet  provides  the  seal  between 
the  two  tubes.  The  cooling  fluid  drains 
through  an  orifice  on  the  back  side  of  the 
probe  at  the  upper  end.  Thus,  the  coolant 
helps  to  cool  the  hot  gas  prior  to  expulsion 
up  the  stack.  A  flow-separating  T  is  used  to 
cap  and  separate  the  two  fluid  streams  at 
the  external  (lower)  end  of  the  probe. 

The  probe  is  made  of  304  stainless-steel 
tube  12.70  by  0.89  mm  (0.5  by  0.035  in.) 
and  6.35  by  0.89  mm  (0.25  by  0.035  in.)  and 
is  nickel-brazed.  Noble  metals  are  avoided 
to  minimize  catalytic  reactions  that  could 
bias  the  results.  For  extended  service  life  in 
severe  environments,  a  thermal-barrier 
coat  can  be  applied  to  the  exterior  of  the 
probe. 

Conditioning  of  gas  samples  is  obtained 
by  sizing  the  sampling  holes  to  provide 
choked  flow,  varying  the  length  of  the 
cooling-fluid  passage,  and  by  varying  the 
temperature  and  type  of  the  cooling  fluid. 
The  choked  sampling  holes  ensure  a  rep- 
resentative sample  through  each  hole.  The 
type  and  temperature  of  cooling  fluid  and 
the  length  of  the  probe  are  selected  to  ad- 
just the  temperature  of  the  sample.  It  has 
been  found  that  simple  heat-transfer  and 
pressure-drop  calculations  that  take  ac- 
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count  of  the  type  and  temperature  of  the 
cooling  fluid  usually  provide  a  usable  probe 
design  on  the  first  design  iteration. 

This  probe  operated  successfully  for 
several  years  of  intermittent  use  at  temper- 
atures of  400  to  1,920  K  (260  to  3,000  °F)  in 
a  stream  of  hydrocarbon  combustion  gas 
at  pressures  of  3  to  12  atm  (0.3  to  1.2  MPa) 
with  no  leakage  or  significant  deterioration, 
while  being  cooled  with  steam  at  a  pres- 
sure of  8  atm  (0.8  MPa)  at  the  lower  sam- 
pling pressures  and  temperatures  and  wa- 
ter at  ambient  temperature  at  the  higher 
sampling  temperatures  and  pressures. 


Other  coolant  fluids  for  consideration  with 
this  design  are  air  or  inert  gases,  depend- 
ing on  the  temperature  of  the  sampling 
stream,  the  desired  temperature  of  the 
sample  at  the  exit  from  the  probe,  and  the 
combustion  properties  of  the  gas  stream 
being  sampled  (for  example,  it  may  not  be 
desirable  to  dump  air  into  a  hot  gas  stream 
rich  in  fuel). 

This  work  was  done  by  Donald  F. 
Schultz  of  Lewis  Research  Center. 
LEW-14865/TN 
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Scanning  Photoelectron-Emission  Inspection  Equipment 

Surfaces  to  be  bonded  are  tested  for  cleanliness. 


A  noncontacting  scanning  photoelec- 
tron-emission  apparatus  detects  contami- 
nants on  surfaces  to  be  bonded  by  chemical 
or  other  means.  The  apparatus  measures 
the  amount  of  trace  contaminants  that  re- 
main after  incomplete  cleaning,  from  the 


growth  of  oxides  after  cleaning,  from  fail- 
ure to  protect  cleaned  surfaces  (e.g.,  from 
fingerprints)  before  bonding,  from  airborne 
particles,  and  from  other  causes.  Such 
measurements  are  important  in  the  manu- 
facture of  critical  bonded  parts  because 


contaminants  weaken  bonds. 

The  equipment  (see  figure)  includes  a 
commercial  photoelectron-emission  sen- 
sor. The  inspected  surface  is  irradiated 
with  ultraviolet  photons  from  a  source  in 
the  sensor  head  while  an  anode  in  the  sen- 
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The  Photoelectron-Emission  Sensor  is  held  at  a  fixed  distance  from  the  surface  to  be  inspected  and  scanned  across  the  surface.  Data  on 
photoemission  as  a  function  of  position  on  the  surface  are  used  to  generate  a  map  of  contamination  of  the  surface. 


sor  head  collects  photoelectrons  ejected 
from  the  surface  by  absorbed  photons.  If 
the  intensity  and  spectrum  of  the  ultraviolet 
light  and  the  distance  between  the  sensor 
and  the  surface  are  held  constant,  then  the 
photocurrent  (typically  10_12to  10-10  A)  var- 
ies according  to  the  amount  and  type  of  con- 
tamination. For  example,  a  clean  surface 
usually  acts  as  a  source  of  photoelectrons, 
and  a  non-photo-emitting  contaminant 
causes  a  decrease  in  the  photocurrent.  On 
the  other  hand,  a  photoemitting  con- 
taminant could  cause  an  increase  or  de- 
crease in  current,  depending  partly  on  its 
thickness. 
The  sensor  head  is  mounted  on  a  servo- 


controlled  positioning  mechanism  to  main- 
tain the  correct  distance  to  the  inspected 
surface.  The  sensor  can  be  scanned 
across  the  surface  (or,  alternatively,  the 
surface  moved  past  the  sensor)  by  any 
suitable  combination  of  translation  and 
rotation  stages.  Data  on  the  inspected 
position  are  taken  from  shaft -angle  or  other 
encoders  in  the  scanning  mechanism(s) 
and  recorded  with  photoemission-meas- 
urement  data.  These  two  streams  of  data 
are  processed  into  a  false-color  or  other 
map  of  contamination,  which  can  be  dis- 
played on  a  color  video  monitor,  plotted,  or 
printed. 

Measurements  of  photoemission  can 


be  calibrated  by  correlation  with  the 
strengths  of  bonds  made  to  standard  spec- 
imens known  to  be  contaminated  to  vari- 
ous degrees.  This  calibration  becomes  the 
basis  for  acceptance  or  rejection  of  parts 
of  that  type.  If,  for  example,  the  map  of  a 
surface  includes  areas  where  the  photo- 
emission indicates  contamination  above 
the  allowable  level,  those  areas  can  be 
cleaned  and  reinspected  until  the  map 
shows  the  entire  surface  to  be  sufficiently 
clean. 

This  work  was  done  by  Raymond  L. 
Gause  of  Marshall  Space  Flight  Center. 
MFS-27203/TN 
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comprehensive  method  combines  and  extends  previus  methods. 


IWNSATech  Brief 
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fcBpace  Administration 
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Frequency-Domain  Modeling  of  Dynamics  of  Helicopters 

A  comprehensive  method  combines  and  extends  previous  methods. 


A  method  for  the  identification,  in  the  fre- 
quency domain,  of  the  parameters  of  math- 
ematical models  of  the  dynamical  behaviors 
of  helicopters  combines  and  extends  sever- 
al existing  methods.  The  method  focuses 
on  linear-state-space  (stability-and-control- 
derivative)  models.  Such  models  are  need- 
ed for  the  design  of  control  systems  by  use 
of  state-space  methods;  for  the  detection 
and  correction  of  errors  in,  and  the  improve- 
ment of,  models  used  in  simulations;  and 
for  comparisons  of  the  characteristics  of 
wind-tunnel  models  with  those  of  real  air- 
craft in  flight. 

The  method  combines  the  measurement 
of  frequency  responses,  calculation  of 
transfer  functions  from  the  measured  fre- 
quency responses,  matching  of  frequency 
responses,  determination  of  the  accuracy 
■^>f  parameters  of  the  mathematical  model, 
^nd  determination  of  the  structure  of  the 
mathematical  model,  all  as  part  of  the  com- 
prehensive procedure  illustrated  in  the  figure. 
The  measurement  data  are  obtained  in  flight, 
then  processed  by  advanced  spectral 
methods  based  on  the  chirp-Z  transform 
and  concatenated/windowed  time  histo- 
ries to  obtain  high-resolution  and  low-ran- 
dom-error frequency  responses  within 
each  input-and-output  pair.  Multi-input/mul- 
ti-output methods  are  available  when  si- 
multaneous control  excitations  are  present 
and  are  not  fully  correlated.  The  resulting 
nonparametric  frequency-response  func- 
tions are  presented  as  Bode  plots  of 
magnitude  (dB)  and  phase  (degrees)  ver- 
sus logarithm  of  frequency. 

The  next  step  is  transfer-function  (para- 
metric) modeling.  Forms  of  appropriate 
transfer  functions  are  established  through 
visual  inspection  of  the  nonparametric  fre- 
quency responses  and  through  analytical 
modeling.  A  least-squares  fitting  routine  is 
then  used  to  determine  those  parameters 
in  the  transfer  function  parameters  that 
best  fit  the  magnitude  and  phase  charac- 
teristics. The  denominators  of  all  of  the 
transfer  functions  are  constrained  to  be 
the  same  to  ensure  the  physical  consisten- 

tof  the  inherent  (unforced)  dynamics.  No 
empt  is  made  to  ensure  physical  con- 
sistency between  the  numerators  of  trans- 
fer functions  that  contain  redundant  aerody- 
namic information. 
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The  Comprehensive  Frequency-Domain  Method  for  the  identification  of  parameters  of  a 
mathematical  model  of  a  helicopter  involves  a  synthesis  of  several  prior  methods. 


The  leading  coefficients  in  each  transfer 
function  are  the  control  derivatives,  and 
the  equivalent  time  delays  account  for  un- 
modeled  dynamics  and  pure  time  delays 
inherent  in  the  aircraft  system.  The  results 
of  both  the  nonparametric  identification 
and  the  derived  transfer-function  models 
are  useful  for  analyses  of  handling  quali- 


ties, design  of  flight-control  systems,  and 
validation  of  mathematical  models  used  in 
simulation. 

The  next  step  —  inversion  of  the  trans- 
fer-function model  —  is  used  as  a  simple 
startup  procedure  for  the  iterative  stability- 
derivative  solution,  and  takes  the  place  of 
equation-error  methods  commonly  used 
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for  this  purpose.  For  the  inversion,  a  sim- 
plified single-input/multipleoutput  formula- 
tion based  on  the  phase-canonical  form  of 
the  state-space  equations  has  been  found 
to  be  satisfactory. 

The  next  step  is  identification  of  the 
stability  derivatives.  This  is  achieved 
through  iterative  multi-input/multi-output 
matching  of  the  identified  frequency  re- 
sponses with  those  of  a  linear  mathemati- 


cal state-space  model.  The  Laplace  trans- 
forms are  taken,  and  allowances  are  made 
for  the  added  time  delay  between  the  input 
and  output  in  each  input/output  pair.  The 
unknown  stability  derivatives  are  deter- 
mined by  minimizing  the  cost  function  of 
the  weighted  error  between  the  previously 
identified  frequency  responses  and  the 
responses  predicted  by  the  state-space 
model. 


The  last  step  is  verification  of  the  state- 
space  model  via  demonstration  that  it  can 
predict  the  characteristics  of  responses  to 
inputs  that  have  forms  different  from  those 
of  inputs  used  to  derive  the  model.  For  this 
purpose,  the  state-space  model  of  the  sys- 
tem is  driven  with  flight  data  not  used  in  the 
identification  process. 

This   work  was  done  by  Mark  B. 
Tischler  of  Ames  Research  Center. 
ARC-12283/TN 
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